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Use of DMBTl for capturing sulphate and phosphate group exposing agents 



The present invention relates to the capturing of agents which possess accessible sulphate 
or phosphate groups as well as to the treatment of diseases caused by such agents. 

Infections, tissue damage, and infLammations are key triggers for cancer development For 
example, in the gastrointestinal tract, Helicobacter pylori infection, impaired wound 
healing, and ulcerative colitis are known to be associated with the development of cancer. 
There are numerous, thus far identified or imidentified agents which are responsible to 

« 

cause these diseases. Among these agents are microorganisms hke bacteria, viruses, 
protozoa or fimgi as well as smaller non-h^dng chemical compounds and compositions. To 
date, there is no first-line treatment available which enables treating diseases irrespective 
of the precise nature of the pattern. Thus, it would be desirable to have a substance readily 
available, which would recognize the molecular structure or component commonly shared 
by various disease-causing agents, i.e. in a wa}-^ of pattern recognition, and as such could be 
used as a pan- acting pharmaceutical for a variety of diseases. Pattem recognition receptors 
(PRRs) are considered to play a role in pathogen-defense, inflammation, cancer, aspects of ' 
tissue homeostasis, and certain developmCTital processes, but their dual-specificit)' for non- 
self and self structures poses unsolved problems. 

Consequently, the problem underlying the present invention resides in providing such a 
pan-acting pharmaceutical. 

According to the present invention, the problem is solved by 

the use of a polypeptide comprising the sequence of SEQ ID NO:l, or a functional 
firagment or derivative thereo:^ or of a nucleic acid comprising the sequence of SEQ ID 
NO:2, or a functional firagment or derivative fhereoj^ for the manufacture of a medicam<snt 
for the prophylaxis and/or treatment of a disease caused by an agent, 

wherein the agent possesses at least one acc^sible sulphate and/or at least one accessible 
phosphate group. 

The iuventors have surprisingly found that the human protein Deleted in Maligiicait Brain 
Tumors 1 (DMBTl, the fuU-lengfh protein th^eof is sho^oi in SEQ ID N0:1)) is a dual- 
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specific PRR for non-self (bacterial ceU wall components, gpl20 of HEV, damage-, 
inflammation-, and cancer-causing sulfated carbohydrates) and self structures (DNA, 
phospholipids, cell surface and extracellular matrix carbohydrates), which interacts with 
accessible sulfate and/or phosphate groi5)S, which are present on numerous compounds, 
5 compositions and organisms. 

As kaox\'n in the art, DMBTl is a scavenger receptor cysteine-rich (SRCR) secreted 
protein mainly expressed by epifhelia and glands. DMBTl is also known as salivary 
agglutinin or glycoprotem-340 (gp340). Furfhennore, DMBTl is known to selectively 

io interact with some bacterial pathogens (e.g. Prakobphol et al., 2000, J.BioLChem., Vol. 
275, pages 39860-39866) and the viruses HIV (Wu et al., 2003, AIDS Res.Hum.Retro\dr., 
Vol. 19, pages 201-209) and influenza A %druses (Hartshorn et al., 2003, 
Am,J.PhysioLLung CeliMoLPhj^oL, 2003, Vol. 285, pages 1066-1076), and thus inhibits 
the iofectivity of these virus. The bacteria binding region of DMBTl has been previously 

15 mapped to a 16-amino acid motif located withia a SRCR-domain, of which 14 are present 
inDls4BTl (Bikker et al., 2002, J.BioLChem., Vol. 277, pages 32109-32115). Thus far, the 
mechaoLsm of pathogen binding has remained unclear. Wn et al. and Hartshom et al. 
(supra) proposed that the recognition of HIV gi5^coprotein-120 and influenza A viruses 
relies on DMBTl carbohydrates. None of the documents of the prior art gives a hint on a 

20 probably general mechanism or pattern recognition according to which DMBTl does 
interact with the above described pathogens or other compoxmds. 

The inventors have now found that pattern recognition of DMBTl is mediated via an 1 1 
amino acid motif that binds siilfate and phosphate groups. In addition, germline deletions 

25 in humans quantitatively knpair its scavenging acti^dty, as exemplified for Streptococci 
Salmonella^ Helicobacter pylori. It is proposed by the present invention that pattern 
recognition provides a common mechanistic basis for DMBTl's putative broad functional 
spectrum, which includes tumor suppression, epithehal differentiation, tissue protection 
and regeneration, pafhogen-defmse, and gallstone fomiation. By acting as dual-specific 

30 PRR, DMBTl may exert a general insulator function against a broad range of pathogens, 
which predicts a contribution of DMBTl germline deletions to human susceptibility to 
■ infection, inflammation, and cancer. Furthermore, the inventors found that a by 40% 
decreased level of DMBTl in male mice correlates with an increased susceptibility and 
with a deficient protection against dextran sulfate sodium (DSS)-induced tissue damage 

35 and inflaiDmation in the colon. Human DMBTl directly" interacts with DSS and 
cairageenan, the latter being used as stabilizer in human food and suspected to cause 



wo 2005/079834 



-3- 



PCT/EP2005/001994 



inflamination aad colorectal cancer. The interaction with DSS and carrageenan is mediated 
via the DMBTl binding site for bacterial and ^d^al pathogens described supra. The efficac}^ 
of the nnedicameQt provided by the present invention is mediated by the interaction of 
DMBTl with an accessible sulphate or phosphate group displayed or exposed by the 
disease-causing agent 

'Tolypeptides", as used herein, includes all polypeptides as described below. The basic 
structure of polypeptides is well known aud has been described in innumerable textbooks 
aad other publications in the art. In this context, the term is used herein to refer to any 
peptide or protein comprising two or more amino acids joined to each other in a linear 
chain by peptide bonds. As used herein, the term refers to both short chains, which also 
commonly are referred to in the art as peptides, oligopeptides and oligomers, for example, 
and to longer chains, which generally' are referred to in the art as proteins, of which there 
axe many types. It wiU be appreciated that polypeptides often contain amino acids other 
than the 20 amino acids commonly referred to as the 20 naturally occurring amino acids, 
and that many amino acids, including the terminal amino acids, may be modified in a given 
polypeptide, either by natural processes, such as processing and other post-translational 
modifications, but also by chemical modification techniques which are weU known to the 
art Even the common modifications that occur naturally in polypeptides are too numerous 
to fist exhaustively here, but they are weU described in basic texts and in more detailed 
monographs, as well as in a voluminous research hterarure, and they are well known to 
those of skiU ia the art. 

Generally, the term "polypeptide" refers to full length human DMBTl having the amino 
add sequence as depicted m SEQ ID NQ: 1, or a functional firagment or derivative thereof. 

In the context of the present invention the term "fianctional firagment or derivative" refers 
to amino acid sequences which differ from the amino acid sequence of SEQ ID NO:l iu 
one or more positions and share a high degree of homology to that sequence. Homology 
means thereby a sequence identity over the overall length of at least 70%, preferably 80%, 
more preferably 90%. The deviations to SEQ ID NO:l can originate fi*om deletions, 
additions, substitutions or insertions. A fi*agment or derivative is considered 'functional", 
when it is capable of binding to, sulphate and/or phosphate groups. One possible test for 
functionality is provided in the example section (see Methods: "Turbidometric aggregation 
assays"). Furthermore, "firagment" refers to a peptide of 5, 6, 7, 8, 9, 10, 11, up to 20 
amino acids or to a protein of at least 20, 25, 50, 100, or more amino adds. Typically, a 
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f ragme nt comprises at least 8, 10, 12, 14, 16 or more cx>ntiguoiis amino adds of the amino 
add sequence of SEQ IP NO:L Particularl}^ the polypeptide refers to a sequence 
comprising the amino acids GR\^VLYRGSW which is present several tiaies mthin SEQ 
ID NO:l, and multiples thereof, and which represents the 11. amino acid motif that binds 
soilfate aad phosphate groups. 

Furthermore, the pol5'peptide refers to a sequence comprising the amino acids 
GRVEELYRGSW and/or GRVEVXYQGSW. 

Furthermore, the term 'functional derivative" can also mean, that one or more amino acids 
of the amino acid sequeace are chemically modified, depending on the intended use. The 
chemical modifications can, for example, effect that the polypeptide is stabilized or 
features other desired physical or biochemical propoiies. Modifications known to the 
skilled artisan include, but are not restricted to, acetylation, acylation, ADP-ribosylation, 
N- and Oglyoosylation, amidation, covalent attachment of fla^dns, hpids, phosphoinositol, 
cross-linking, disxiLfide bridge formation, cyclisation, demethylation, hydrox54ation,' 
iodiuation, methylatiorL myristoylation, proteolytic processing, preuylation, sulfiatation, 
tRNA-mediated attachment of amino acids. Such modifications are knoTxai to the person 
skilled in the art and are d^cribed in the literature, for instance Proteins — Stmcture and 
molecular properties, 2nd Ed., T. E. Creighton, W. H. Freeman and Company, New York 
(1993). Many detailed reviews are available on this subject, such as, for example, those 
provided by Wold, F., Posttranslational Protein Modifications: Perspectives and Prospects, 
pgs. 1-12 in Posttranslational covalent modification of proteins, B. C. Johnson, Ed., 
Academic Press, New York (1983); Sdfler et al.. Analysis for protein modifications and 
nonprotein cofactors, Meth. EnzymnoL 182: 626-646 (1990) and Rattan et al.. Protein 
Synthesis: Posttranslational Modifications and Aging, Ann. N.Y. Acad. Sci. 663: 48-62 
(1992). 

A "nucleic acid", as used herein, includes all nucleic acids as described below. Genially, a 
"nucleic acid" can be an "oHgonucleotide" which refers to relatively short polynucleotides. 
. Often the term refers to single-stranded deoxyribonucleotides, but it can refer as weU to 
single-or double-stranded ribonucleotides, RNAdDNA hybrids and double-stranded DNAs, 
among others. Oligonucleotides, such as single-stranded DNA probe ohgonucleotides, 
often are synthesized by chemical methods, such as those implemented on automated 
oligonucleotide synthesizers. However, ohgonucleotides can be made by a variety of other 
methods, including in vitro recombinant DNA-mediated techniques and by expression of 
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DNAs in cells and organisms. Initially, chemically synthesized pNAs tj'pically are 
obtained without a 5' phosphate. The 5' ends of such oligonucleotides are not substrates for 
phosphodiester bond formation by Hgation reactions that employ DNA ligases t3'pically 
used to form recombinant DNA molecules. "X^Tiere ligation of such ohgonucleotides is 
5 desired, a phosphate can be added by standard techniques, such as those that employ a 
kinase and ATP. The 3* end of a chemically synth^ized oUgonucleotide generally has a 
jfree hydroxy! group and, in the presence of a ligase, such as T4 DNA hgase, readily wUl 
form a phosphodiester bond with a 5' phosphate of another polynucleotide, such as another 
ohgonucleotide. As is well knowTi, this reaction can be prevented selectively^, where 

10 desired, by removiag the 5' phosphates of the other polynucleotide(s) prior to hgation. In 
' • addition, a nucleic acid which can be used according to the present iavention includes 
polynucleotides referring to any polyribonucleotide or polydeoxribonucleotide, which may 
be unmodified RNA or DNA or modified RNA or DNA. Thus, for instance, 
polynucleotides as used herein refers to, among others, single-and double-stranded DNA, 

15 DNA that is a mixture of single-and double-stranded regions, single- and double-stranded 
RNA," and RNA that is mixture of sin^e- and double-stranded regions, hybrid molecules 
comprising DNA and RNA that may be single-stranded or, more typically, double-stranded 
or. a mixture of single- and double-stranded regions. In addition, polynucleotide as used 
herein refers to triple-stranded regions comprising RNA or DNA or both RNA and DNA. 

20 The strands in such regions may be from the same molecule or from different molecules. 
The regions may include all of one or more of the molecules, but more ty'pically involve 
only a region of some of the molecules. One of the molecules of a triple-helical region 
often is an ohgonucleotide. As used herein, the term polynucleotide includes DNAs or 
RNAs as described above that contain one or more modified bases. Thus, DNAs or RNAs 

25 with backbones modified for stability or for other reasons are "polynucleotides" as that 
term is intended herein.. Moreover, DNAs or RNAs comprising imusual bases, such as 
inosine, or modified bases, such as tritylated bases, to name just two examples, are 
polynucleotides as the term is used hereia. It will be appreciated that a great variety of 
modifications have been made to DNA and RNA that serve many usefiil purposes known 

30 to those of rIHII in the art. The term polynucleotide as it is employed herein embraces such 
chemically, enzymatically or metabohcallj' modified forms of polynucleotides, as well as 
the chemical forms of DNA* and RNA characteristic of ^oruses and cells, iocluding simple • 
and complex cells, iater aha. 



wo 2005/079834 PCT/EP2005/001994 

-6- 

Generally, the term "nucleic acid" refers to full length DNA encoding human DMBTl 
having the nucleic acid sequoQce as depicted in SEQ ID NO: 2, or a functional fragment or 
derivative thereof • 

5 . In the context of the present invention the term "fimctional fragment or derivative" of the • 
nucleic acid refers to nucleic acid sequences which differ from the nucleic acid A^.quence of 
SEQ JD NO:2 in one or more positions aad share a high degree of homology to that 
sequence. Homolog}^ means thereby a sequence identity over the overall length of at least 
70%, preferably 80%, more preferably 90%. The de^dations to SEQ ID NO:2 can originate 

10 from deletions, additions, substitutions, insertions or recombinations of nucleotides. 
Furthermore, '^fragment" refers to contiguous stretch of at least 12 nucleotides. 
Furthermore, the fragment can be 30, 40, 50, 100, 250 or 500 or more nucleotides in 
length. The length of the fragment is adjiisted according to its intended use. A fragment 
can, for instance, be used as a primer or probe, which hybridizes under stringent conditions 

15 to a stretch of at least 12, 20, 25, 40, 50 or more contiguous nucleotides. 

For some purposes it can be advantageous, when the "fragm^t or derivative'' includes a 
nucleic. acid which is complementarj^ to the nucleic acid comprising at least a part of SEQ 
ID NO:2, and, as such, hybridizes preferably under stringent conditions with a nucleic acid 
20 comprising at least part of SEQ ED NO:2. As an example, such a nucleic add can be used 
as a probe to detect the D^dBTl gene, or as an antisense nucleic acid ia order to inhibit 
DMBTl expression, as discussed ftirther below. 

Two nucleic acid strands are considered to be 1 00% complementary to each other over a 
25 defined l^gth if in a defined region all A' s of a first strand can pair with a T (or an U) of a 
second strand, aH G's of a first strand can pair with a C of a second strand, all T (or U's) of 
a first strand can pair with an A of a second strand, and all C's of a first strand can pair 
wiih a G of a second strand, and ^dce• vorsa. The degree of complementarity can be, e.g. 
determined over a stretch of 20 nucleotides, i.e. a 60% complementarity means that within 
30 a region of 20 nucleotides of two nucldc arid strands 12 nucleotides of the first strand can 
base pair with 12 nucleotides of the second strand according to the above ruling, either as a 
stretch of 12 contiguous nucleotides or intersp^ed by non-pairing nucleotides, when the 

• * 

two strands are attached to each other over said region of 20 nucleotides. For the purpose 
of achieving selective hybridization between two complementary strands, the skilled 
35 artisan is aware of a variety of hybridization conditions and stringencies (e.g. described in 
Sambrook et al., A laboratory Manual). The incubation conditions, e.g. time, salt 
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conceatrations, temperature, can vary and usually depend on the sequence and length of 
the prepared nucleic acid and may therefore be adjusted each time. Such conditions are, for 
example, hybridization in 2x SSC, pH 7.0 / 0.1% SDS at about SS-eS^'C for 18-23 hours, 
followed by a washing step \^dth 2x SSC/0.1% SDS at SO^'C. hi order to select the 
stringency, the salt concentration in the washing step can for example be chosen bet^s^een 
2x SSC/0.1% SDS at room temperature for low stringency and 0.2x SSC/0.1% SDS at 
50^C for high stringency. In addition, the temperature of the washing step can be varied 
betu'een room temperature, ca. 22°C, for low stringency, and 65°C to 70° C for hi^ 
stringmcy. 

For the use of the present invention, the sulphate and phosphate groups of the disease 
causing agent have to be accessible in order to be efficiently recognized by the 
polypeptide. 

As used herein, the term "accessible" means that the phosphate and/or sulphate group is 
arranged in a manner which allows for the interaction with the polj'peptide of the present 
invaitioiL A phosphate or a sulphate grox^ can be considered accessible when it is 
available free from otho: compoimds which may interfere with said interaction. 
FxartiiCTnore, it can be part of a larger, macromolecular structure and still be accessible, 
provided that the surrounding molecules will not negatively affect said interaction. 

In the context of the present invention, the term "agent" refers to any organism, compound 
or composition, which possesses at least one accessible sulphate and/or at least one 
accessible phosphate group. 

A variety of diseases, in particular infectious or inflammatory diseases, are caused by 
mircroorganisms like bactma, viruses, fungi, protozoa, and the like. On their outer surface 
these microorganisms may possess sulphated and/or phosphorylated structures which could 
represent a target for DMBTl . 

Thus, in a preferred embodiment of the present invention the agent is a microorganism. 

■ 

The temi "microorganism" refers to a small uni- or multicellular organisni mth dimension 
beneath the limits of vision which can be propagated and manipulated in a laboratory. In 
the context of the present inv^tion, "inicroorgauism" includes ^druses, prokaryotes like 
gram-positive and gram-negative bacteria, cyanobacteria, MoUicutes and unicellular 
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eukaiyotes protozoa) like certain geaera of fungi, algae and parasites (e.g. sporozoa). It is 
known to Uie skilled artisan that nuCTOorganisms as defined supra possess on their surface 
sulphated and phbsphor34ated structures and molecnles. Examples iaclude lipoteichoic acid 
(LTA) on the surface of gram-positive bacteria or lipopolj^accharide on title surface of 
5 gram-negative bacteria. 

Preferably, the. microorganism is a bacterium or a ^drus, the bacteria iacluding the genera 
Streptococcus, Staphylococcus, Escherichia, Helicobacter, Salmonella and Bacillus. 

10 In a particularly preferred embodiment the present invention refers to the use of a 
polypeptide comprisiag the sequeace of SEQ ID NO:l, or a functional firagment or 
derivative thereof or of a nucleic acid comprising tihe sequence of SEQ ID NOi2, or a 
functional firagment or derivative thereof, for the manufacture of a medicament for the 
treatment of a disease caused by an agent, 

15 wherera the agent possesses at least one accessible sulphate and/or at least one accessible , 

phosphate groiq) and 

wherein the agent is not HIV, influenza A virus. Streptococcus mutans, Streptococcus 
gordonii. Streptococcus sobrinus, Streptococcus mitis. Streptococcus oralis Streptococcus 
iQtennedius, Streptococcus augiaosus, Actinobacter actmomyces, PrevoteUa intCTnedia, ^ 
20 Peptostreptococcus micros, MoraxeUa catarrhalis. Streptococcus pyogenes. Streptococcus 
agalactiae. Streptococcus sanguis. Streptococcus pneumonia, Klebsiella oxytoca, 
Escherichia coU, Haemophilus influenza, St^hylococcus aureus, Helicobacter pylori or 
Bacteroides firagilis. 

25 Fuithermoire, many diseases are caused by small chemical compounds which are present in 
food, pharmaceutical and cosmetic prq)arations, and the like. Like microorganisms, these 
compounds or compositions can display accessible sulphate or phosphate groups, which 
can represent a target for DMBTl . 

30 Therefore, m another preferred anbodrment of the present invention, the agent is a non- 
living compound or composition. 

• * 

In the context of the presmt invention the term "non-hving compound or composition'* 
refers to a compound or composition which is distinguished firom the microorganism 
35 dKoibed supra, in that it is not a living organism but can be defined as a "chemical 
compound". In general, the term "non-living compound or composition" encompass aU 
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small compounds and compositions which have at least one acc^sible sulphate or at least 

• ■ 

one accessible phosphate group. In this manner, the compound or composition can also be 
a sulphate or phosphate group alone. The compound or composition can either be captured 
without any further substances or be, but not limited to, e.g. a food component, a • 
5 pharmaceutical component, a cosmetic component, or toxic environmental component. 

In a preferred embodiment of the present invaition, the non-living compound or 
composition is selected from the group consisting of DSS, sulphated carbohydrates, 
preferably heparan sulphate, chondroitrn sulphate, cairageenan, disodium sulphate, 
10 liposomes, phosphate group exposing compounds or compositions, preferably DNA, 
deoxynucleotides 5 surfactant phospholipids, sulphated mucins, sodium-, potassium- and 
calcium phosphate exposing compounds or compositions. 

The "medicament" of the present invention is useful for the treatment of a patient suffering 
15 from a disease caused by an agent which possesses at least one accessible sulphate and/or 
at least one accessible phosphate group. The polypeptide or nucleic acid contained in. the 
medicament can be administered alone or in combination with one or more active 
compounds. In a preferred, embodiment, the medicament comprises an effective dose pf 
polypeptide comprising the sequence of SEQ ID NO:l, or a functional fragment or 
20 derivative thereof^ or a nucleic acid comprising the sequence of SEQ ID NO:2, or a 
functional fragment or derivative thereof, and a pharmaceutically acceptable carrier, i.e. 
one or more pharmaceutically acceptable carrier substances and/or additives. 

The medicament according to the invention can be administered orally, for example in the 
25 form of pills, tablets, lacquered tablets, sugar-coated tablets, granules, hard and soft gelatin 
capsides, aqueous, alcoholic or oily solutions, syrups, emulsions or suspensions, or 
rectally, for example in the form of suppositories. Administration can also be carried out 
parenterally, for example subcutaneously, intramuscularly or intravenously in the form of 
solutions for injection or infusion. Other suitable administration forms are, for example, 
30 percutaneous or topical administration, for example in the form of ointments, tinctures, 
sprays or transderoial therapeutic S3^stems, or the inhalative adniinistration in the form of 
nasal sprays or aerosol mixtures, or, for example, microcapsules, implants or rods. The 
preferred administration form depends, for example, on the disease to be treated and on its 
severity. 
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The roamifacturiiLg of the medicament can be carried out in a manner kno-woi per se. To this 
end, the polypeptide comprising the sequence of SEQ ID NO:l, or a functional fragment or 
derivative thereof; or a nucleic acid comprising the sequence of SEQ ID N0:2, or a 
functional fragment or derivative thereof, together with one or more solid or liquid 
pharmaceutical carrier substances and/or additives (or auxiliary substances) and, if desired, 
in combination with other phaimaceutically active compounds having therapeutic or 
prophylactic action, are brought into a suitable administration form or dosage form which 
can then be used as a pharmaceutical in human or veterinary medidne. For the production 
of pills, tablets, sugar-coated tablets and hard gelatin capsules it is possible to use, for 
example, lactose, starch, for example maize starch, or starch derivatives, talc, stearic acid 
or its salts, etc. Carriers for soft gelatin capsules and suppositories are, for example, fats, 
waxes, semisohd and liquid polyols, natural or hardened oils, etc. Suitable carriers for the 
preparation of solutions, for example of solutions for injection, or of emulsions or syrups 
are, for example, water, ph3^iologicaUy sodium chloride solution, alcohols such as ethanol, 
glycerol, polyols, sucrose, invert sugar, ^ucose, mannitol, vegetable oils, etc. It is also 
possible to lyophilize the polj'peptide of the present invention and to use the resulting 
lyophilisates, for example, for preparing preparations for injection or infusion. Suitable 
carriers for microcapsules, implants or rods are, for example, copoljmers of glycolic add 
and lactic acid. The medicament can also contain additives, for example fillers, 
disintegrants, binders, lubricants, wetting agents, stabilizers, emulsifiers, dispersants, 
preservatives, sweeteners, colorants, flavorings, aromatizers, thickeners, diluents, buffer 
substances, solvents, solubilizers, agents for achie^dng a depot effect, salts for altering the 
osmotic pressure, coating agents or antioxidants. The dosage of the medicament of tiie 
polypeptide of the present invention to be administered, depends on the individual case and 
is, as is customary, to be adapted to the iadividual drcum stances to achieve an op timum 
effect Thus, it depends on the nature and the severity' of the disorder to be treated, and also 
on the sex, age, weight and individual responsiveness of the human or animal to be treated, 
on the efficacy and duration of action of the compounds used, or on whether the therapy is 
acute or chronic or prophylactic. 

In a preferred embodiment, the disease to be treated with the medicament of the present 
invention is an infectious disease caused, e.g. by bacteria, viruses, fungi or protozoa. 
Infectious diseases include bacterial and mycotic diseases, viral and rickettsial diseases, 
parasitic diseases, and vector-borne infectious diseases. 
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Some examples of infectious diseases, to which the present mvention is not restricted to, 
include ADDS, cholera, malaria. Dengue, epidemic d^^senteiy, influenza, poliom3'elitis, 
tuberculosis, Typhoid Fev^, Yellow Fever, amoeba disentery, anthrax, lung inflammation, 
bilharziosis, borreliosis, botulism, BSE, campj^obacter, Oiagas disease, Creutzfeldt- Jakob 
5 disease, diphtheria, Ebola virus disease, Echinococcus infection, cold, fatal familial 
insomnia, fish tapeworm, typhoid fever, river blindness, meningoencephalitis, athlete's 
foot, gas gangrene, yellow fever, shingles, tularemia, gastritis, hepatitis, herpes simplex - 
type 1, herpes simplex -type 2, herpes zoster, dog tapeworm, influenza, Japanese 
encephalitis, candidiosis, pertussis, bone marrow inflammation, cutane leishmaniosis, kuru, 

10 lambliasis, Lassa fever, legionellosis, leprosy, hsteriosis, pneumonia, 13^6 borreliosis, 
measles, mouth and foot disease, bacterial meningitis, anthrax, inflammation of the middle 
ear, mononucleosis, mumps, noma, Norv^^alk virus infection, riva* blindness, osteomyehtis, 
paratyphoid fever, mononucleosis, Pityriasis versicolor, smallpox, polio, Reiter syndrome, 
mad cow disease, bo^dne tapeworm. Rocky Mountain spotted fever, dysentery, enteric 

15 fever, salmonellae paratyphoid fever, salmonellae tj'phoid fever, SARS, schistosomiasis, 
sleeping sickness, pig tapeworm, sexually transferable diseases, canker sore, rabies, 
toxoplasmosis, scrapie, trichomoniasis, trichophytia, Tsxitsugamushi fever, 
trypanosomiasis, tuberculosis, tularemia, typhoid fever, \'isceral leishmaniosis, West Nile 
fever, chickeE5>ox, dwarf tapeworm. 

20 

In another preferred embodiment, the disease is an acute or chronic inflammation. 
-Examples of inflammatory diseases include, but are not restricted to, caries, endocarditis, 
periodontitis, tonsillitis, pharyngitis, celluhtes, scarlet and rheumatoid fever, gastritis, 
chronic fatigue syndrome, spondj'litis, arthritis, preferably inflammatory bowel disease, 
25 more preferably ulcerative colitis. 

In another preferred embodimmt, the disease is cancer. Examples of cancer types comprise 
neuroblastoma, intestine carcinoma such as rectum carcinoma, colon carcinoma, familiary 
adenomatous polyposis carcinoma and hereditary non-polyposis colorectal cancer, 
• 30 esophageal carcinoma, labial carcinoma, larynx carcinoma, h3^opharynx carcinoma, tong 
carcinoma, salivary, .gland carcinoma,, gastric .carcinoma, adenocarcinoma, medullary. . 
thyroid carcinoma, papillary thyroid carcinoma,, follicular thyroid carcinoma, anaplastic 
thyroid cardnoma, renal carcinoma, kidney parenchym carcinoma, ovarian carcinoma, 
cervix carcinoma, uterine, corpus carcinoma, endometrium carcinoma, chorion carcinoma, 
35 pancreatic carcinoma, prostate carcinoma, testis cardnoma, breast carcinoma, urinar>^ 
carcinoma, melanoma, brain tumors such as glioblastoma, astrocytoma, meningioma. 
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meduUoblastoma and peripheral neuroectodermal tumors, Hodgkin lymphoma, non- 
Hodgldn lymphoma, Burkitt lymphoma, acute lymphatic leukemia (AJLL), chronic 
lymphatic leukoma (CLL), acute myeohd leukemia (AML), chronic myeloid leukemia 
(CML), adult T-cell leukemia lymphoma, hepatocellular carcinoma, gall bladder 
carcdnoma, bronchial carcinoma, small cell lung carcinoma, non-small cell lung carcinomas- 
multiple myeloma, bsisaLioma, teratoma, retinoblastoma, choroidea melanoma, seminoma, 
rhabdomyosarcoma, craniopharj'ngeoma, osteosarcoma, chondrosarcoma, myosarcoma, 
liposarcoina, fibrosarcoma, Ewing sarcoma and plasmocytoma. 

In a particularly preferred embodiment, the cancer is a cancer of the respiratory or 
alimentary tract, such as limg, gastric or colorectal cancer. 

.Considering the finding of the present invention, that the polypeptide of the present 
invention may generally bind to sulphate and phosphate groups, it is feasible to assume 
that it can be used as a general identifier for such ag^ts. 

Therefore, another aspect of the present, kivention refers to the use of a polypeptide 
comprising the sequence of SEQ ID NO:l, or a functional derivative or fragment thereof, 
or of a nucleic acid comprising the sequence of SEQ ED NO:2, or a functional fragment or 
derivative thereof, for identifying an agent and/or regulating' the effective amount of an 
agent in a sample, the agent possessing at least one accessible sulphate and/or at least one 
accessible phosphate group. 

The t erm '^polypeptide comprising the sequence of SEQ ID NO:l, or a functional 
derivative or fragment thereof refers to the definitions given supra. In addition, for the 
piorpose of identifying a disease-causing agent, the "functional derivative'* encompasses 
polypeptides which are labelled in order to fadHtate their detection. Suitable and weU- 
known labels for proteins include radioactive labels, hemag^utinin, biotin, c-myc, FLAG- 
tag, digoxygenin, horseradish peroxidase, green fluorescOT.t proteia (GFP) and derivatives 
• thereof beta-galactosidase, lucifiarase, and beta-glucuronidase. 

The term "nucleic add comprising the sequence of SEQ ID NO:2, or a functional fragment 
or derivative thereof refers to the definitions given supra. 

The term "identifjdng** means analysing, whether a sample contains an agent possessing at 
least one accessible sulphate and/or at least one accessible phosphate group. As such, the 



I 
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polypeptide of the present iaventioB is used due to its capability of binding to accessible 
sulphate and phosphate groups. Brief!}', the sample is incubated with a preparation of the 
polypeptide. It is advantageous, that for .the purpose of identifying that the polypeptide is 
labelled wiih either of the labelling agents described supra in the context of a "functional 
5 derivative". If the labelled polypeptide is subsequently detected ^da a suitable detection 
method, depending on the type of label, it may have acquired a higher molecular weight 
due to a probabl}' bound agent as compared to free polypeptide. 

In the context of the present invention ''regulating the effective amount" can mean either 
10 maintaining or decreasing the effective amount If the presence of an agent, after being 
identified by the polypeptide, is desired, no further poly^jeptide will be added, or, if the 
polypeptide is already present, it wiU be depleted from the sample. The latter aspect is 
described in greater detail below in the context of '"varying the amount". An "effective 
amount" of an agent comprises that amount of an agent which is sufficient and/or required 
15 to alter a condition which is prevalent in the absence of the agent 

The term "agent" refers to the definition of an agent given supra. 

In a preferred embodiment, the identifying and/or regulating is carried out by using the at 
20 least one accessible sulphate and/or at least one accessible phosphate group. The efiBcacy 
of the identifying and/or regulating is mediated by the interaction of the polypeptide of the 
present invention with an accessible sulphate or phosphate group displa5^ed or exposed by 
the agent present in the sample. Depending on the tjpe of interaction, i.e. whether it is, 
inter aha, a covalent, non-covalent transient, permanent \da hj^drophobic interactions, and 
25 the like, the interaction can be strong and weak. 

Another possibility to influence the strength and/or efficiency of the interaction betv^^een 
the polypeptide and the agent can be achieved by varying the amount or the length of the 
polypeptide. As demonstrated in the example section and already pointed out in the 
30 introduction, the interaction of DMBTl with sulphate/phosphate groups is mediated by a 
ll-amino acid stretch on DMBTl. Furthermore, an enhanced susceptibility to a 
sulphate/phosphate group possessing agent if a shortened form of DMBTl, having less 
binding regions for said agent is observed. 

35 Th^efore, in another preferred embodiment, the identifying and/or regulating is carried out 
by varying the amoimt and/or the length of the polypeptide. 
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'Varying the amount and/or tiie length of the polypeptide" can occur both on the protein 
level and on the nucleic acid level. If it occurs on the protein level the amount can be 
increased by just adding and/or siipplementing to the sample a suitable amount of the 
poli'peptide, which is required or sumcient to bind at least 50%, at least 60%, at least 70%, 
at least 80%, preferably at least 95% of agents which possess accessible sulphate and 
phosphate groups. If DMBTl shoiild be depleted jfrom-a sample in order to maintain a 
certain amount of sulphate/phosphate group possessing agents, the use of an antibody 
directed against DMBTl for immunoprecipitation of DMBTl can be envisaged. 
Antibodies include anti-idiotypic antibodies which recognize unique determinants 
generally associated with the antigen-binding site of an antibody. Potential DMBTl 
depleting compounds also include compounds, compositions and proteins which are 
closely related to hgands of the DMBTl, i.e. a fragmoat of the ligand, which have lost 
biological function and when binding to DMBTl, elicit no response. A small molecule 
which binds to DMBTl, making it inaccessible to Hgands such that normal biological 
activity is prevented, for example small peptides or peptide-like molecules, may also be 
used for inhibition. Particularly useful for depleting DMBTl will be compounds, 
compositions and proteins which possess accessible smlphate and/or phosphate groups. 

Another possibihty is 'Varyiag the amount and/or the length of the polypeptide" on the 
nucleic acid level. Fur the purpose of increasing the DMBTl expression the nucleic acid 
encoding DMBTl may be introduced into the target cell, as described further below in the 
context of therapeutic uses and methods. An antisense construct prepared fhmugh the use 
of antisense technology, may be used to control gene expression through triple-helix 
foimation or antisense DNA or RNA, both of which methods are based on binding of a 
polynucleotide to DNA or RNA- For example, the 5' codiug portion of the polynucleotide 
sequence, which* encodes for the mature polypeptides of the present invention, is used to - 
design an antisense RNA oligonucleotide of fix>m about 10 to 40 base pairs in length. A 
DNA oligonucleotide is designed to be coroplementary to a region of the gene involved in 
transcription (triple helix -see Lee et al., NucL Acids Res., 6:3073 (1979); Cooney et al. 
Scarce, 241:456 (1988); and Dervan et al., Scieace, 251: 1360 (1991)), thereby preventing 
transcription and the production of DMBTl. The antisense RNA oHgonucleotide • 
hybridizes to the mRNA in vivo and blocks translation of mRNA molecules into DMBTl 
(antisense— Okano, J. Neurochem., 56:560 (1991); Oligodeoxynucleotides as Antisense 
Inhibitors of Gene Expr^sion, CRC Press, Boca Raton, FIsl (1988)). The oligonucleotides 
described above can also be delivered to cells such that the antisense RNA or DNA may be 
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expressed in vivo to inhibit production of DMBTl. Fnrthennore, fbe expression of 
DMBTl can be down-regulated hy RJSfA interference, exploiting double-stranded siRNA 
which can be S5'nthesi2ed by using the sequence of SEQ ID NO:2. 

5 In a preferred embodiment, regulating the effective amount of an agent includes 
inactivating and/or c^turing said agent. 

*Tnactivating/capturiQg" generally refers to diininishing or completely aboUshing the 
activity of the agent which possesses accessible sulphate and/or phosphate groups, as 
10 compared to the acti^dtj' in the absence of the polypeptide or nucleic acid of the present 
invention. A suitable test system for measuring the acti\dty5 and respectively, the decrease 
of the acti^dty of the agent is provided in the 'TS4ATERIAL AND METHODS" section of 
the present invention (**turbidometric aggregation assay's) 

15 For the use of the present invention, which is carried out preferably ia vitro, the sample can 
be any sample which is supposed to contain an agent, which possesses at least one sulphate 
and/or at least one phosphate group. Hie sample can for example be a biological, a food- 
derived, a pharmaceutical or a cosmic sample. 

20 Another aspect of the present invention is the use of DMBTl, or the nucleic acid encoding 
it, as a diagnostic tool to detect and quantify the expression of DMBTl in an individual, 
and deduciag from the expression pattern a potential risk or susceptibility of the individual 
for an infectious, inflammatory disease or cancer. This can be carried out by anal^'ziag any 
of a potential patient's body fluid, such as serous effusions (blood), semen, vaginal 

25 searetions, saliva, cerebrospinal fluid, sweat, tear fluid, pleural and pericardial fluid, 
peritoneal fluid, syno^dal fluid and amrdotic fluid. Therefore, this invention is also related 
to using DMBTl, and respectively the nucleic acid encoding it, to detect polypeptides or 
complementary polynucleotides, for example, as a diagnostic reag^ for a variety of 
diagnostic purposes as described below. 

30 

In this respect, another aspect of the present invention refers to the, preferably in vitro, use 
of a polypeptide' comprising the sequaice of SEQ ID NO:l, or a functional fragmsit or 
derivative thereof, or of a nucleic acid comprising the sequence of SEQ ID NO:2, or a 
functional firagment of derivative thereof for the manufacture of a diagnostic for 
35 diagnosing the susceptibility of an individual to an agent. 
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wherein the agent possesses at least one accessible sulphate and/or at least one accessible 
phosphate groiip. 

Some phaimaceutical preparations are contained within or associated with carriers which 
5 possess accessible sulphate and/or phosphate groups. Perhaps they are embedded in 
liposomes or other structures exposing sulphate or phosphate groups. This ma3^ lead to the 
effect that the DMBTl being present in an individual may bind the pharmaceutical-bearing 
carrier and, as a consequence, decreasing the amount of a free and effective 
pharmaceutical. The effective dose of such a phBimaceutical would tiien have to be 
10 increased if the amoimt of the DMBTl pol^p^tide is high or if many sulphate/phosphate 
binding SRCR domains are present. 

Therefore, another aspect refers to the, preferably in vitro, use of a pol3^eptide comprising 
the sequence of SEQ ID NO:l, or a functional or fragment derivative thereof; or a nucleic 
- L5 acid comprising the sequence of SEQ ID NO:2, or a functional or fragment derivative 
thereof, for the manufacture of a diagnostic for determining in an individual the effective 
dose of a pharmaceutical comprising an agent, 

wh^ein tiae agent possesses at least one accessible sulphate and/or at least one accessible 
phosphate group, 

20 

Furthermore, the invention refers to a method for diagnosing the susceptibility of an 
individual to an agent which possesses at least one sulphate and/or at least one phosphate 
group, the method comprising detecting in a sample a polypeptide comprising the sequence 
of SEQ ID NO:l, a functional fragment or derivative thereof, or a nucleic acid comprising 
25 the sequence of SEQ ID NO:2, or afunctional or fragment derivative thereof^ 

wherein a shortened polypeptide or a nucleic acid as compared to the fuU length 
polypeptide or nucleic acid is indicative of an increased susceptibility. 

'T)etecting'* a shortened DMBTl associated with a dysfunction as compared to the fuU- 
30 length DMBTl will provide a diagnostic tool that can add or define a diagnosis of a 
disease or susceptibility to a disease which results from under-expression over-expression 
or altered expression of DMBTl, or altarations of the DMBTl gene structure. Binding and 
hybridization assays can be used to detect, prognose, diagnose, or monitor disease 
(including conditions and disorders) associated with DMBTl. This includes both the 
35 detection of the nucleic acid that ^codes DMBTl, and the detection of the DMBTl 
protein. Appropriate detection methods include biochemical metiiods such as 
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spectrophotometry, radiographyj gel electrophoresis, capillary electrophoresis, hi^ 
performance hquid chromatography (HPLC), thin layer chromatography (TLC), 
h3^erdi2iision chromatography, and the like, and various immunological methods such as 
fluid or gel precipitation reactions, immunodiflusion, itnmunoelectrophoresis, 
5 radioimmunoassays (RJAs), enzyme-linked immunosorbent assays (ELISA), 
immunofluorescence assaj^, tissue array, and the like. 

A shortened or full-length DMBTl gene may be detected at the DNA level by a variety' of 
techniques. Nucleic acids for diagnosis may be obtained from a patient's cells, such as 

10 from blood, urine, saliva, tissue biopsy and autopsy material. The genomic DNA may be 
isolated after well-known methods and used .directly for detection or may be amphfied 
en2ymatically by using PGR prior to anal5'sis. PGR (Saiki et al.. Nature, 324:163-166 
(1986)). RNA or cDNA may also be used in the same wa^^s. As an example, PGR primers 
complementary to the nucleic acid encoding DAffiTl can be used to identif3^ and analj^ze 

15 DMBTl expression and deletions. For example, deletions and insertions can be detected by 
a change in size of the amplified product in comparison to the normal genotype. Sequence 
differences between a refiarence gene and genes having deletions also may be revealed by 
direct DNA sequencing. In addition, cloned DNA segments may be employed as probes to 
detect specific DNA segments. The sensitivity of such methods can be greatly enhanced by 

20 appropriate use of PGR or another amplification method For example, a sequencing 
primer is used with double-stranded PGR product or a single-stranded template molecule 
generated by a modified PGR- The sequence determination is performed by conventional 
procedures wiHi radiolabeUed nucleotide or by automatic sequencing procedures with 
fluorescent-tags. 

25 • . 

Genetic testing based on DNA sequence differences may be achieved by detection of 
alteration in electophoretic mobtlitj^ of DNA fragments in gels, mth or without dCTaturing 
agents. Small sequence deletions and insertions can be visualized by high resolution gel 
electrophoresis. DNA fragments of different sequences may be distinguished on denaturing 

30 fo rm ami de gradient gels in which the mobilities of different DNA fragments are retarded 
in the gel at different positions according to their specific melting or partial melting 
temperatures (see, e.g., Myers "et al.. Science, 230ri242 (1985)). A deletion may be 
• ascertained for example, by a DNA sequencing assay. Tissue samples, including but not 
limited to blood samples are obtained from a human patient. The samples are processed by 

35 metihods known in the art to capture the RNA. First strand cDNA is S5aithesized from the 
RNA samples by adding an oligonucleotide primer consisting of poljlhymidine residues 
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which hybridize to the polyadeaosine stretch preseat on the mRNA's. Reverse transcriptase 
' and deoxynucleotides are added to allow synthesis of the first strand cDNA. Primer 
sequences are synthesized based on the DNA sequence of the DNA repair protein of the 
invention. The primer sequence is generally comprised of at least 15 consecutive bases, 
5 and may contain at least 30 or even 50 consecutive bases. 

Hybridization techniques are frequently used for detecting nucleic adds and the present 
invention contemplates all available hybridization techniques, including Southern, 
Northern and in situ hybridization techniques, dot blot analysis, cDNA arrays. Expression 

10 of the DMBTl roRNA may be detected, for example, by Northern analysis, or by reverse 
transcription and amplification by PGR. Also contemplated are nucleic acid detection and 
quantification methods which anploy signal moieties that are conjugated to nucleic add 
probes, e.g. by incorporation of radioactively labeled nucleotides. Nucleic adds in a 
sample can be iramobilized on a solid support and hybridized to such probes. The signal 

15 moiety can be detected directiy, for example by fluorescence. Alternatively, the signal 
moiety may be detected indirectiy by its enzymatic activit}^ for example in an ELISA or 
other colorimetric assay. Hybridization techniques are usually performed by pro^dding a 
sample of tissue or cells, contacting the sample wdth a labeled probe, that binds to said 
nucleic acid molecule, and determining the presence or amount of the probe bound to said 

20 nucldc acid molecule, th^eby determining the presence or amount of the nucleic acid 
molecule in said sample. 



25 



30 



35 



Methods to detect the presence and amount of the D^>^BT1 protein in a sample are well 
known to the person skilled in the art. Briefly, a sample is pro^dded, said sample is 
contacted with an antibody that immunospecifically binds to DMBTl and the presence or 
amount of antibody bound to Dlv4BTl is determined, whereby the presence or amount of 
DMBTl in said sample is determined Methods to determine the amount and presence of 
polypeptides comprise, among others, FACS, Western blotting, immunopredpitation, 
ELISA, -and RIA. It is advantageous if the antibody used for detection is conjugated to a 
molecule that enables and contributes to the detection. Suitable molecules comprise biotin, 

« _ 

horseradish peroxidase, alkaline phosphatase, fluorracein . isothiocyanate (FITC), 
tetfamethykhodaEDine" "is6tfiiocyanate (TRITQ, diamidinophenj^lindol (DAPI) . and 
ph.ycoerj'fhrin. 

In accordance with the aspect described svtpra, the present invention refers to a method for 
determining in an individual the effective amount of a pharmaceutical comprising an agent 
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which possesses at least one accessible sulphate and/or at least one accessible phosphate 
group, the method comprising detecting in a sample a p61ypq)tide comprising the sequence 
of SEQ ID NO:l, a functional fragment or derivative thoreot or a nucleic acid comprisiag 
the sequence of SEQ ID NO:2, or a functional or fragment derivative thereof; 
wherdn a shortened polj'peptide or nucleic acid as compared to the full-length polypeptide 
or nucleic acid is indicative for . a lower effective amount of the pharmaceutical. 

The method can be applied to any sample which is suitable for DNA analysis. For 
example, the sample can be a body fluid, preferably blood, sahva, semen or hquor, which 
is isolated from ihe indi^ddual according to method known to the person skilled in the art. 

According to the present invention, the uses provided herein indicate that DMBTl can 
generally act as a potrntial pan-acting pharmaceutical against diseases caiised by agents 
which possess accessible sulphate and/or phosphate groups. 

In line with the provided uses, the invention furthermore refers to a method for the 
treatment and/or prophylaxis of a disease caused by an agent which possesses at least one 
accessible sulphate and/or at least one accessible phosphate group, the method comprising 
contacting the agent with a polypeptide comprising the sequence of SEQ ID NO:l, or a 
functional or fragment derivative thereof. 

The "contacting" typically occurs in an individual who has, for example, been identified as 
having an increased susceptibihty to agents, which possess accessible sulphate or 
phosphate groxips, and, thus, having an iucreased risk of being affected by a disease caused 
by such an agent In order to allow for efficient contacting betv^^een an effective dose of 
DMBTl and the disease-causing agent in the iadiAddual, the available amount of DMBTl 
ia the individual may be increased by supplementing for additional DMBTl. The 
expression or the amount of DMBTl can be increased by several methods known in the 
art, e.g. as described below. 

« 

Preferably, the contacting is carried out by administering to a patient a pharmaceutical 
preparation containing a polypeptide comprising the sequence of SBQ ID NO:l, or a 
functional of fragment derivative thereof^ or a nucleic acid comprising the sequence of 
SBQ ID NO:2, or a functional derivative thereof. 
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In order to increase the DMBTl expression in a patient, the nucleic acid encoding 
DMBTl, as defined by SEQ ID NO:2, may be introduced into a cell. For the introduction 
of DlvffiTl, resp,ectively the nucleic add encoding it, into the cell and its expression it can 
be advantageous if the DMBTl encoding nucleic ajcid is integrated in an expression vector. 

5 The expression vector is preferably a eukaryotic expression vector, or a retroviral vector, a 
plasmid, bacteriophage, or any other vector typically used in the biotechnology fiel± If 
necessary or desired, the nucleic add encoding DMBTl can be operativeiy linked to 
regulatory elements which direct the transcription and the synthesis of a translatable 
mRNA in pro- or eukaryotic cells. Such regulatory elements are promoters, enhancers or 

10 transcription termination signals, but can also comprise introns or similar elements, for 
example those, which promote or contribute to the stability and the amplification of the 
vector, the selection for successful delivery and/or the integration into the host's genome, 
like regions that promote homologous recombination at a desired site in the genome. For 
therapeutic purposes, the use of retroviral vectors has been proven to be most appropriate 

15 to deliver a desired nucleic acid into a target cell. 



DESCRJFTIQN OF THE DRAWINGS 

20 Fig. 1 Definition of the DMBTl pathogen-binding site, a, Domain . structure of the 
DMBTl -variant presumably expressed firom the largest (wild type) DMBTl allele 
(DMBTl"^^) ^dth the position of the S3aifhetic peptides in the consensus sequence of the 13 
amino-terminal SRCR domains depicted below. Peptides in red mediated aggregation and 
peptides marked with asterisks exerted activity in binding of Gram-positive S. mutans and 

25 Gram-negative E. coli bactOTa, The 1 1 amino add stretch marked in red in the SRCR 
consensus is the minimal pathogen-binding site (DMBTl pbsl) predicted fi-om these 
assay's. Pink triangle: leader peptide; blue box: DMBTl -specific motif, red ovals: SRCR 
domains; orange ovals: SRCR interspersed domains (SIDs); purple boxes: Clr/Cls-Uegf- 
Bmpl (CUB) domains; green oval: zona pellucida (ZP) domain; EEID: ebnerin- 

30 homologous domain, The results from binding analyses with S, mutans are shown. 
Colour and alphabetical codes correspond to these in Fig. la. Error bars are SEM. c. 
Confirmation of the minimal binding site DMBTlpbsl. The top panel s ummar izes the ' 
results of binding (B) and aggregation (A) studies with DMBTlpbsl and amino- and 
carboxy-terminaUy truncated variants of the peptide sequence. (+) binding and aggregation 

35 activity; (-) no binding and no aggregation activity. The graphs below display the 
aggregation of Gram-positive S. gordonii (purple) and S. mutans (red) and of Gram- 
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negative K pylori (dark blue) and E. coli (light blue) in the presence (top graph) and 
absence (bottom graph.) of the DlvlBTlpbsl -peptide, Analysis of critical amino acid 
residues and corresponding raotifis in related proteins. The graph at the left displays the 
impact of amino acid substitution by alanine of the residues depicted on the right. Binding 
activity to S. mutans is expressed as percent compared to DlvdBTlpbsl, which served as 
positive control (PC). SRCRPl mthout substantial biadiag activit>^ was included as 
negative control Q^C). Error bars axe SEM. Amino acid residues critical for binding are 
marked in orange. The right panel summarizes the resiilts from DMBTlpbsl- 
corresponding motifs in other SRCR proteins. (B) and (A) denote group B and group A 
SRCR proteios. (+) bacterial binding and aggregation acti^dty and (-) no bacterial binding 
and aggregation activity wiih both Gram-positive S. mutaizs and Gram-negative E, coli, 
Amino acids diverging from DlSdBTlpbsl are marked in blue. Boxed residues are 
compatible substitutions, h: human; r: rabbit; c: cattie; m: mouse. Note that sequence 
variations present in the 13 amino-terminal domains of human DMBTl and in its orfhologs 
in other species are allowed. The motif present in SRCR14 of DMBTl and, for example, 
the corresponding moti& of the Mac-2bp and MARCO did not exert binding or 
aggregation acti^dty. Quantitative and qualitative differences between the DMBTlpbsl- 
motLfe present in the SRCR domains of DMBTL Motife present in SRCRl, SRCR2-7, 
SRCR9-11, and SRCR13 exerted best binding and aggregation acti\'ity (results sho^^n for 
S. mutans). While the motif present in SRCRS and SRCR12 was less active, the motif m 
the carboxy-temiinal SRCR14 exerted no activity at all. 

Fig. 2 Confirmation of DIvffiTl interaction with candidates retrieved from the high- 
throughput screen. DMBTl denotes purified DMBTl from saliva (also known as salivarj^ 
agglutinin; DMBTl rDMBTl is purified recombinant human DMBTl. a, DMBTl 
blading to DSS. Note that DMBTl and rDMBTl showed virtually identical binding 
properties, DMBTl interaction -v^dth heparansulfate, c, DMBTl interaction wiih 
lipopolysaccharide (LPS) of Salmonella minnesota (Sm: conresponck to the Rdl chemotype 
in Fig. 4a)^ Klebsiella pneumoniae (Kp\ and Salmonella typhimurium {St^ corresponds to 
wild tj'pe in Fig. 4a). Note that DIvlBTl more efficientiy bound to LPS from S, minnesota 
chemotype Rdl than to LPS from 'wdid t3^e S, typhimuj-iuni. DMBTl binding to 

• « 

lipoteichoic acid (LTA). DMBTl interaction with immobilized DNA. /, Interaction of 
DNA with iomioblized rDMBTl. g, DMBTl binding to tiie phospholipid L- 
phosphatidylcholine. h. Effects of sIgA on DMBTl- and DMBTlpbsl -meditated bacterial 
binding. S, mutans binding wias investigated with or without prior preincubation of 
immobilized DMBTl or DMBTlpbsl with 5 M-g/ml sIgA, which is a known DMBTl 
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interactioii partaer. The presence of sIgA did neither enhance nor inhibit bacterial binding, 
indicating interaction ^dth DMBTl \da a site that is distinct from DMBTlpbsl. 

Fig. 3 DMBTl inhibits liposome-mediated DNA-transfer to mammalian cells hy 
interaction via its pafhogm-binding site. Error bars are SEM. a. Determination of fbe assay 
conditions. Left panel: 0.5 ug plasmid DNA (pEGFP-Nl) was preincubated witii the 
S3aithetic peptides SRCRP2-f2N (containing Dl^ffiTlpbsl; 20 ^.g) or SRCRP6 (control; 20 
Jig), a corresponding volume of 10% DMSO in H2O (DMSO-Ctrl.), wth rDMBTl (5 p.g) 
in PBS or with PBS alone (PBS-Ctri.) in the presence or absence of 1 mM CaCla or 10 wM. 
EDTA, respectively. After addition of Lipofectamine 2000, the cells (SW403) were 
transfected and the percentage of green fluorescent cells was scored 24 h post transfection. 
SRCRP24-2N and rDMBTl exerted strong inhibitory effects compared to controls 
irrespective of the presence of CaCli or EDTA. Subsequent assays were thus carried out 
without addition of Caa2 or EDTA. Right panel: SRCRP2-h2N and rDMBTl exerted 
inbibitory effects regardless of whether the plasmid DNA or the Lipofectanoine 2000 
(LipofecL) wCTe prancubated. DNA/centr. and LipofectVcentr. are experiments in which 
tiie samples were centrifiiged after preincubation and the supematants were used for 
transfection. This particular approach was uninformative for the pho^holipids^ because 
ceoDtrifiigation was unfavorable for Lipofectamine 2000 (right group of columns). Peptide 
SRCRP6 was included as additional control for unspecific interactions, b and c, 
Concentration-d^endent inhibition of hposome-mediated DNA-transfer by SRCRP2+2N 
and by rDMBTl in two mammahan cell Unes of colon epithehal origiu (SW403: human; 
Colo26: mouse). Results with preincubation of DNA (mthout centrifugation) are shown. 
In DMSO-Cfa:L and PBS-Ctrl. solvent concentrations were used that were matched to the 
respective peptide and rDMBTl solutions, Exemplary images of the cells 24 h post 
transfection after DNA-preincubation (magnification: 200-fold), Precipitation 
experiments. Addition of SRCKP2+2N led to visible precipitates after centrifugation 
(location marked by red broken Hnes) indicating that co-precipitation of DNA and 
Lipofectamine, respectively, might have led to a physical depletion firom the siq)eEnatants 
that sxibesequenfly showed reduced transfection ef&cadles. 

Fig. 4 DMBTl s bacterial scavenging eflScacy depends on the accKsabihty and availability 
of phosphorylated carbohydrates and is impaired by germline deletions, a, Schematical 
presentation of the LPS stmcture of Salmonella. A-D: carbohydrate residues; AraN: 4- 
amino-L-arabinose; EfN: ethanolamine; Gal: D-galactose; Glc: D-glucose; GicNAc: N- 
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acetyl-D-giucosamiiie, Hep: L-glj'cero-D-manno-lieptose; KDO: l-keto-S-deoxy-mawza- 
octonats; P: phosphate; Rc, Rdl, and Re are TBComplete forms present on the different 
chemotypes. Enhanced binding of the Rdl and Re chemotype to DMBTl and the 
DMBTlpbsl -containing peptide DMBT1-SRCRP2, wt: wild type, c. Differential binding 
to Salmonella typhimurium wt and Rdl of DMBTl partially purified from two different 
• donors. Cohmm diagrams depict the comparison of binding efficacies of the highest 
DMBTl concentrations used (40 nM). Schematical presentation of the exon-intron 
structure mthin the relevant region of DMBTl mth resulting Rsal restriction fi-agment 
sizes depicted below. Only the sizes of the firagmCTits that hybridize with the probe 
DJl4B77/srlsid2 are depicted, SR: exons coding for scavenger recqjtor cysteine-rich 
domains (red boxes); SID: exons coding for SEDs (black bars). The hypothetical 
configurations of the proteins are depicted below. In the carbox^^-tKininal part of the 
protein resulting fi*om the deleted allele, it cannot be discerned between a loss of either 
SR9, SRIO or SRll. Only one of the possibilities is shown, e. Top panel: Southern blot 
analysis of the DMBTl genomic configuration in four indi^dduals (A-D) selected firom the 
panel. Band sizes and exons locating on the restriction firagments are depicted at the left. 
Bottom panel: Western blot analysis of DMBTl protein sizes in the partially purified and 
concentration-adjusted saliva samples of the foiir probands. The arrowhead denotes the 
position of the 220-ldDa marker band. /, Comparison of the pathogen-binding efficacies of 
partially purified DMBTl obtained firom the four donors. Column diagrams depict the 
comparison of binding efficacies of the highest DMBTl concentrations used (40 nM). AH 
error bars are SEM. 

Fig. 5 DMBTl interaction mth HrV-gpl20 includes pattem recognition by D^4BTlpbsl. 
All enror bars are SEM. a. Quantitative rDMBTl (2 p.g/ml) binding to recombinant HIV' 
gpl2G ionnobilized on ELISA plates, DMBTlpbsl exerts HrV-gpl20 binding acti^dty. 
Left panel: peptide SRCRP2 (containing DMBTlpbsl) was immobilized on ELISA plates 
and bacterial binding. (5. gordonii) was quantified in the absence and presence of different 
concentrations of BQr\^-gpi20. Right panel: mean percent inhibition from two to three 
independent duphcate experiments, Effects DSS and dextran on rDMBTl binding to 
HIV-gpl20. Left paneb- rDMBTl (2 ^.g/rol) was incxibated with immobilized recombinant 
HIV-gpl20 (1 jxg/ml) in the presence of either 100 jo-g/ml DSS or 100 jig/ml dextran. 
Values are means of three independent experiments and are expressed as percent inhibition 
compared to incubation with rDMBTl alone. DSS but not dextran, which lacks the sulfates 
groups, exerted an inhibitory effect Right panel: the same experimental setup as before 
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except that rDMBTl was preincubated ^ndth serial dilutions of DSS. Values are means of 
five iadepeadent experiments. 

Fig. 6 Generation of Dmbtl'^' mice, a, Schematic presentation of the domain organization 
5 of mouse Dmbtl (top line). The pink triangle represents the leader peptide. • The pink box 
below denotes the part of the leadCT peptide encoded b}' exon 1 with the genomic (bold 
letters: exonic sequence; normal letters: intronic sequence) and the amino acid sequence 
depicted below. Blue box: small sequence without homology encoded by exon 2; SRCR: 
scavenger receptor cysteine-rich domain: CUB: Clr/Cls-Uegf-Bmpl domain; ZP: zona 

10 pellucida domain; BHD: Ebnerin-homologous domain. Orange ovals indicate SRCR 
iatorspersed domains (SIDs); TTT and STP are threomne and serine-threonine-proline-rich 
domains, respectively. Follcwdng lines: schematical presditation of the wild type allele as 
contained in geaomic subclone Dmbtl cl^ the targeting construct, and the knockout allele 
after Cre-mediated recombination. Red box: targeted 1224-bp region containing exon 1 

15 (pink box) as well as about 90Q bp of the promoter region; blue box: exon 2; yellow boxes: 
selection cassettes; yellow triangles: LoxP sites; gray boxes: probes "used for the 
identification of ES-ceUs with homologous recombiaation (Dmbtl /KOa) and for the. 
identification of ES cells and mice carrying the knockout allele (Drnbtl/KDh). fc, Southern 
blot analysis of mouse genomic DNA with probe Dmbtl/KOb demonstrated the wild type 

20 4. 1-kb BglR fragment in Dmbtl^^^ mice, while Dmbtl'^' displayed the deleted 2.9-kb BglQ. 
fragment, and Dmbtl mice were hetero2ygous for the two alleles, c, Northern blot 
analysis of small intestine RNA with probe Z>MFri/8kb-3.8 (top panel) and a B-actin 
probe (bottom panel). The expected size of the Dmbtl transcript is 6.6 kb. Western blot 
anal ygig of protein extracts from mouse smaU intestines with polyclonal anti-DMBTl 

« 

25 (upper panel) and anti-DMBTl ^"^^ (lower panel). Arrowheads mark the position of the 
210-kDa marker band e, RNA in situ hybridization and /, immunohistochemical analysis 
(anti-DKffiTl^^^) of distal duodenum sections of DmbtF^^ and Dmbtl'^' mice. 



F^. 7 Expression analyses in mouse tissues, a. Exemplary results from Northern blot 
30 analyses (upper panel; probe: DMBTl/hfl2-2A). For size comparison refer to the 6.6-kb 
transcript of the grnall intestine. AH three hybridization probes that, were used (see methods 
section) produced identical results. The 28S and 18S bands of the corresponding RNA gels 
are shown in the panel below, Western blot analysis oiDmbtl^^'^ and Dmbtl'^' mpuse 
tissues with anti-DMBTl ^^"^ (top panel) and anti-DMBTl (bottom panel). 
35 Arrowheads indicate the position of the 220-kDa marker bands; Note that the left panel 
shows results from a ten-fold longer exposxare than the middle and right panel, c, 
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Exemplary results from immimohistocheniical studies with anti-DMBTl ' in adult 
tissues of Dmbtl^^^ and DmbtT^' mice. Scale bars represent 100 pm, Dmbil expression 
was not detectable by any of the methods in tissues with multilayered epithelia, such as 
skin, esophagus^ and tongue. The kidney and 17.5 day-old mouse fetuses showed faint 
sigaals '^dth only one of the- four methods used (Western and Northern blotting, 
respectively) suggesting low expression levels close to the detection limits of the methods. 
Note the luminal secretion by the monolayered epithelia of the cardiac portion of the 
glandular stomach, the gallbladder, and the colon, which resembles the mode of secretion 
of human DMBTl in the respective tissues. 

Fig. 8 Deficient protection of Dmbtl'^' mice against tissue damage and inflammation, a. 
Treatment schemes for the 2.5% DSS (top) and the 5.0% DSS (bottom) experiment Gray 
boxes: DSS-administration: white boxes: normal drinking water without DSS; arrows: time 
point of analysis. Animal numbers are given in the methods section, Mean colon lengths 
after DSS -treatment, c. Exemplary images of the mouse colon without (0.0% DSS) and 
after (5.0% DSS) DSS-treatment, respectively, Body weight losses upon DSS-treament. 
Administration of 2.5% DSS led to significantly increased body weight losses in Duibtr^' 
mice. Comparison of the relative weight losses (right panel) suggested that dose increase to 
5.0% DSS overcame Dmbtl -mediated protection in ^dvo and resulted in saturation effects. 

Mean percentage of mucosal area affected by damage and inflammation ia the distal 
colon. /, Mean histopathological (HP) scores in the distal colon. ES : epithelial damage 
score; IS: inflammation score; GS: granulocyte score; LS: lymphocyte score, g. 
Comparison of mean combined damage scores of distal (DI) and proximal (PR) coli in the 
two experiments. DSS-treatment specifically produced significant differences in the distal 
colon. Significantly enhanced scores in the proximal coU of the 5.0% DSS experiment 
were consistent with the experimental design shown in Fig. Za, The time lag with which 
the DSS reaches the distal part explains why increased scores are observed at 2.5% DSS, 
alfliough 5.0% DSS produced more severe weight losses (P < 0.0001 for both genotypes). 
AH error bars are standard errors of the mean (SEM). Statistical significant results are 
indicated by (*) for P < 0.05, (**) for P < 0.01, (***) for P < 0.001, and (****) for P < 
• 0.0001, followed by the symbol/color code for the respective group under comparison.- ■ - 

F^. 9 General gender differences in protection against DSS-induced tissue damage and 
inflammation, a, Kaplan-Meier plots of survival probabilities in the relevant groups. A 
significantly enhanced male mortality was observed onlj'' during the prolonged observation 
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interval of tiie 2.5% DSS experiment witli no significant differences between Dmbtl' ' and 
Dmbtl^^'^ males. -6. Male weight losses were significantly enhanced in both experiments, 
but differences compared to females were more pronounced at 2.5% DSS as also indicated 
by the plot of tiie relative . weight losses (light panel), Colon lengths. Improved female 
protection is supported by a correspondingly less colon length reduction at 2.5% -DSS. d-f^ 
Histopathological scores. Enhanced male susceptibility to DSS challenge was not reflected 
by corresponding significant differraces at the level of histopatiiological changes, whidi is 
-in accordance with two previous studies, using lower' or higher' animal numbers. All 
error bars are standard errors of the mean (SEM). Abb^e^'iations and symbols that indicate 
statistical significance were chosen in accordance to Fig. 8. 



Fig. 10 Z>miri"''"-specific gender differences in protection against DSS-induced tissue 
damage and inflammation a, Plots of weight losses in Dmbtl' ' and Dmbtl ' mice broken 
down to gender. The distribution of significant differences between the absolute body 
weight curves (left and middle panel) pointed to complex relationships, which are easier 
accessible when considering the plots of the relative body wei^t losses (right panel). 
Compared to Dmbtl'^^'^ females, Dmbtl^^ males showed significantly enhanced weight 
losses at 2.5% DSS (middle panel) sxipporting pre-existing gender differences in the 
susceptibility to DSS^^"^^. Compared to the respective age- and gender-matched wild tj'pe 
littermates, Dmbtl'^'' males but not Dmbtl'^' females showed significantly increased wa^t 
losses. Consequentiy, the gap between males and females became greater, as indicated by a 
P-value of < 0.0001 (middle panel) and the increase of the gap between the curves in the 
right panel. Dose increase to 5.0% DSS eliminated most differences except for the most 
promin^t one between Dmbtl'^' males and females {P < 0.01; left and right panel). The 
data demonstrated that differences in male gender provided the major contribution to the 
wei^t loss differences betv^^een genotypes, Colon lengths. Similar trends were reflected 
at the level of this parameter, but did not reach statistical significance after correction for , 
multiple testing, c-^, Histopathological analyses in Dmbtl' ' and Dmbtl ' mice broken 
down to gender. Statistical significant differences (P-values corrected for multiple testing) 
were observed for female but not for male mice. The feet that differences between Dmbtl'^' 
and Dmbtl mice were more pronounced in female than- in male gender-demonstrated 
that females provided the major contdbution to the genotype differences in 
histopathological scores. The numerical values indicated that this image probably emerged, 
because the scores reached saturation for most parameters in all groups except for the 
female Dmbtl^ mice, which showed less severe histopathological changes. Note that 
female knockout mice approached the levels obtained for male mice, but did not show this 
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property in regard to weight losses. All error bars are standard errors of the mean (SEM). 
Abbreviations and symbols that indicate statistical significance were chosen, in accordance 
to Fig. 8. 

5 Fig- 11 Dmbtl expression in the colon and direct interaction Asdth DSS and carrageenan. a. 
Northern blot analj'ses of pooled total RNA {n = 3) with probe i)MSri/8kb-3.8 (top 
panels) and a Ji-actin probe (bottom panels), pc: proximal colon; dc: distal colon. Left 
panel: direct comparison of the Dnibtl expression levels in the coli of age-matched 
imtreated (0.0% DSS) Dmbtl'^^'^ mice. Middle and right panel: exemplary results from 

10 proximal and distal coli of female and male mice, respectively, treated with 0.0%. 2.5%, or 
5.0% DSS. b. Quantitative aiial5^sis of Dmbtl expression levels in the colon of untreated 
mice. The ratio of Dmbtr.Ji-actin was determined from two independent Northern blot 
experiments. Error bars are SEM. The proximal colon shows higher Dmbtl expression 
levels than the distal colon, resembling the expression levels in tiie human colon ^. 

15 Compared to females, males on average showed about 14% reduced expression levels in 
the proximal colon (pc) and an about 40% reduction in the distal colon (dc). c, Quantitative 
analysis of Dmbtl expression after DSS challenge. The Dmbtl \fi-actin ratios are expressed 
as percent referred to the respective age-, gender-, and tissue-matched untreated (0.0% 
DSS) samples. Dmbtl expression consistently was upregulated in a dose-dependoit 

20 manner. The enhanced induction in the female proximal colon after treatment with 2.5% 
DSS resulted from one animal that displa3'ed a very strong response as revealed by 
analyses of unpooled tissues. In all other cases, the animals showed equivalent responses. 
Note also that DSS-induced damage leads to a depletion of colon qDithelial cells by crypt 
losses and ulcers, so liiat the increase of Dmbtl expression is underestimated, Direct 

25 com^rarison of the Dmbtl expression levels in the different groups. For the calculation of 
the adjusted ratios see methods sectioii. The data point to a maximal transcriptional 
mobilization of Dmbtl in all groups when 5.0% DSS is used, Inhibitory effects of DSS 
on human recombinant DMBTl (rDMBTl)-mediated Stj^eptococcus gordonii aggregation. 
/, Inhibitory effects of DSS on bacterial aggregation mediated by the synthetic peptide 

30 ' PMBT1-SRCRP2, which comprises the DMBTl pathogen binding site^^ g. Inhibitory 
effects of degraded lambda carrageenan (LCIkon human rDMBTl -mediated bacterial 
aggregation. A, Inhibitory effects of degraded lambda carrageenan on bacterial .aggregation 
mediated by DMBTl -SRCRP2. i, Bkiding of human rDMBTl to immobilized DSS. j\ 
Binding of .human rDMBTl to' iEnmobilLzed degraded lambda carrageenan. Error bars 

35 represent SEM. rDMBTl binding was detected using a monoclonal antibody. rDMBTl +: 
1 0 ug/ml recombinant DMBTl ; rDK4BTl - : negative control without addition of rDMBT 1 . 
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The inveation is furfher illustrated by. but not restricted to the following examples: 

Example 1: Minimal sequence of the bacterial binding site of DMBTl 

Initially, it was intended to refine in more detail the bacterial binding site of DMBTl, 
which we previously mapped to a 1 6 amino acid motif (designated as SRC3RP2) present in 
most of its scavenger receptor cystdne-rich (SRCR) domains. We identified a minimal 
sequence of 11 amino acids (GRVEVLYRGSW; DMBTl pathogeaa-binding site 1; 
DMBTl pbsl) to be sufficient and necessary for interaction \^dth Gram-positive and - 
negative bacteria (Fig. la-c). Corresponding motife present in the 13 amiao-tenninal 
SRCR domains of DMBTl and in its orfhologs in other species (mouse, rat, rabbit, cattle) 
likewise exerted bacterial binding activit)^, but not these in SRCR14 of human DMBTl or 
in other SRCR proteins (Fig. Id^ e). This strongly suggests fimctional equivalence of 
DMBTl and its orfliologs, while its fourteenth SRCR domain probably is fimctionally 
distinct Besides DMBTl, only the group A SRCR proteins SR-A and MARCO, which are 
cell surface receptors on immune cells, is dononstrated to interact with bacteria. While the 
positively charged RXR motif mediates binding of MAJRCO to polyanionic substances by 
electrostatic interactions, we identified the negativelj^ charged motif VEVL and a terminal 
tryptophan residue as critical for DMBTl pbsl (Fig. Id)^ pointing to a distinct mode of 
pathogen-recognition. 

Example 2: Screeniiig for DMBTl iigands 

We consid^ed DMBTlpbsl-mediated bacterial aggregation as potentially useful and 
simple high-throughput competition assay to screen for DMBTl Iigands and to detetmine 
its binding specificity. Dextran sulfate sodium (DSS) and its analogue carrageenan, which 
is broadly used as fhickeno" .and stabilizer ia human food, exert deleterious effects in tiie 
gastrointestinal tract as multiply demonstrated by induction of tissue damage, 
inflammation, and^cancer in animal models. Because' Dmbtl'^' mice" showed deficienf*' 
protection against DSS (Bergmann et aL, submitted), we initially hypothesized a direct 
interaction between DMBTl pbsl and carbohydrate xesidues. However, in more than 1,000 
assays, we identified the sulfate and the phosphate group as DMBTlpbsl targets (Table 1), 
which was somewhat une3q)ected based on the fact that positively charged amino adds 
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wore dispensable for binding (Fig. Id), Potential interaction partn^ comprised a broad 
range of sulfated and phosphorylated non-self and self structures (Table 1). AH candidate 
ligands that were subsequently tested using either DMBTl purified from saliva or 
recombinantly expressed DMBTl (rDlsffiTl) could be confirmed (Fig. 2a-g; Bergmann et 
al.^ submitted). Ranarkablj', sIgA, a kno\^ai interaction partner of DMBTl, had no impact 
on DMBTlpbsl -mediated bacterial binding, suggesting a distinct binding site (Fig. 2h). 
Quantitative inhibition of liposome-mediated DNA-transfer to colon carcinoma cell lines 
further confirmed interaction with phosphate esters, i.e. DNA and phospholipids (Fig. 3). It 
indicated that DMBTl binding might deny access of polyanionic ligands to target cells, 
which is in line with data obtained from studies of Dmbtr^' mice (Bergmann et ai, 
submitted). 

Table 1 Semi-quantitative DMBTlpbsl high-throughput competition assaj^s 
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Chemicat carcinogens 
Azaxymelhane (AOM) 
A^-ntrDsodiethyiamine (OcM) 



1 -SOOmM CO 
1-50mM CO 
lOO-aOOmM co 
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promotes Over and esc^ihagea] carcinogenesis 



o o ~ 
o o -a 



^ B arierial cet i wait com po nents 
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* denotes whether addition of substance in respective solvent resulted in constant pH within aUowed range (co) or changed pH (ch) 
beyond &e optimal fiiresholds (see methods section); ^ aggregation compared to matched controls, which ssmi-quantitatively depicts 
file capacity of the substances to compete for DMBTlpbsl -mediated bacterial aggregation; die range is from (+++): no diferaice in 
aggregation compared to control to (-): con^lete inhioidon of aggregation ondsr assay conditions (for detafls refer to me&ods 
section); ^ comments xDclnds ^ecification of &e respective substances, experimental ratio for their utihzalion and/or possible 
implications of the results. 
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Example 3: Binding of DMBTl to bacterial surface compounds 

Phosphate groups are an ubiquitous and virtually invariant motif in bacterial* surface 
structures, i.e. in lipoteichoic acid (LTA) of Gram-positive and in lipopolysaccharide 
(LPS) of Gram-negative bacteria. Both LTA and LPS exerted competitive effects (Table 1) 
and showed binding to DMBTl (Fig. 2c,d). DIvffiTl displayed stronger binding to LPS of 
Salmonella minnesota chemotype Rdl^ 'v^^hich exposes phosphorsdated carbohydrates at its 
surface, than to LPS of Salmonella typhimurium (Fig. 2c). Studies of further Salmonella 
typhimurium chemotypes clearly demonstrated that binding by DMBTl depends on the 
accessability and availability of phosphorylated residues (Fig. A-aJS), We conclude thai the 
SRCR domains of DMBTl are fundamentally global pattern recognition domains for 
sulfate and phosphate groups presented in the context of both nonseif (DSS, carrageenan, 
LPS, LTA) and self structures (DNA, phospholipids, cell surface and extracellular matrix 
carbohydrates). 

Exampie.4: Binding to potential targets is less efficient with truncated DMBTl 

Partially puiijBed DMBTl obtained from different donors displayed remarkable differences 
ill binding efficacies for Salmonella typhimwium (Fig. 4cX which, according to the 
previous data (Fig. 2kX was unlikely to rely on variable amounts of sIgA that might have 
been present in the preparations. Compared to donor A, donor B showed less binding 
efi5.cacy, a deoreased protein size in Western blot analyses, and genetic analyses revealed 

* • 

that donor A was homozygous for the DMBTl wild type allele, while donor B was 
homozygous for a germline deletion eliminating 5 of the 13 (40%) pattem recognition 
(SRCR) domains (Fig. 4c-e). Screening of a panel of 200 normal indi%aduals identified 2 
addtional earners of the shortened allele (overall frequency 3/200 or 1.5%), of which one 
was available for obtaining sahva samples. Decreased DMBTl -protein size consistently 
coirelated with the gennline deletion and led to an about 30-60% decreased binding 
efficacy for all bacterial pathogens tested (Fig. 4e^, DMBTl was pre^doiisly shown to 
interact with HTV and influenza A virus and to inhibit viral infecti^dty in vitro, but 
recognition of HTV gpl20 was proposed to rely on DMBTl -attached carbohydrates. 
Moreover, DMBTl obtained from different donors displayed differential efficacies in 
inhibition of HIV infection in ^dtro. Our studies demonstrated that sulfate recognition by 
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DMBTlpbsl is of importance for gpl20 binding and that DMBTl gennline' deletions lead 
to a decreased gpl20 binding (Fig, 5). 

Example 5: Proposed applications and goals for using DMBTl as a general pattern 

recognition receptor for disease-causing agents 

It is demonstrated by the present invention that the putative tumor suppressor DMBTl is a 
PRR for compellingly simple molecular patterns, i. e. sulfate and phosphate groups. 
Although the pattern recognition site in DlvffiTl differs from the one xa MAHCO, their 
ligand binding spectrum is v&ry similar and overlaps with other PRUs that likewise ioteract 
with sulfated and phosphorylated agents. We thus consider it likely that sulfate and 
phosphate residues might also represent target structures for other PRRs. PRRs are 
mutHfimctional proteins playing a role in pathogen-defense and processes of normal tissue 
function, but how PRRs distiaguish between non-self and self structures in order to not 
elicit imdesired immune response is an unsolved problem^ For DMBTl pattern 
recognition could at least provide a first common mechaoistical basis that leads together its 
various functions. Noteworthily, also gallstones contain target sites for DMBTl 
interaction, i. e. caldumphosphate, so that DMBTl's potential role in lithogenesis could 
rely on pattern recognition simply resembling its action in bacterial aggregation. As ECM 
protein, it may interact witii siilfated carbohydrates such as heparan sulfate, whidi could be 
of importance for its putative functions in epithelial differentiatiori, determination of cell 
polarity, wound liealiiig, and liver regeneration. However, DMBTl is also seoreted to the 
mucus and to the body fluids at virtually any relevant site of palhogen-contacL Pattern 
recognition explains the broad pathogen-binding specificity of DMBTl and simultaneously 
provides a mechanism by which it might be fixed in protective mucous layers. The latter 
could include interactions with surfactant phosphohpids, sulfated mucins and/or surface 
patterns such as sulfated membrane-associated proteins. Pathogens may use sulfated 
structures for the attachment to target cells. Many bacteria utilize heparansulfate for 
attachmen and HIVs gpl20 — also a sulfated glycoprotein - requires sulfated tyrosine 
residues on its co-receptor CCR5 for infection. An intriguiag possibility is that the dual 
specificity of DMBTl ineans that one of its function is to act as a general insulator. At the 
one hand it might bind to pathogen structures to deny their contact to target cells. Qn the 
other hand it mi^t bind to structures on the target cells in order to mask them for the 
pathogens. Initial support is lent by inhibition of viral infection in vitro in the absence of 
accessory proteins and inmiune cells as well as by our in vitro expedm^ts (Fig. 3). 
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Studies with Dmbtr^' loice support the relevance of DMBTl -mediated protection in iwo, 
because the mice -showed enhanced susceptibility to DSS-induced tissue damage * and 
inflaromation (Bergmann et aL, submitted). Importantly, male Dmbtl^ mice a pHoH 
showed 40% decreased Dmbtl levels in the distal colon, a less efficient Dmbtl 
recruitment, and a more sev^e susceptibility to DSS than female Dmbtl " mice. In the 
present report, we show that DMBTl gCTnline deletions in humans resiilt in a 30-60% 
decreased binding efficacy for bacterial pathogens and for gpl20 of HIV. We thxis propose 
that DMBTl germline deletions produce a lealdness within a primary defense system, 
whidi may modulate human susceptibility to infection, inflammation and, consequentl)', 
cancer types induced by pathogens that are DMBTl ligands. Helicobacter pylori-mduoed 
gastritis and gastric cancer is a prime candidate, especially' because similar relationships 
are iutensely discussed for the DMBTl -related molecules MUCl and MUC6. Bej'ond that 
however, also impacts on disease induced by nutritional additives, e. g. cairageenans. and 
on hposome-mediated DNA- and drug-delivery to epithehal ceUs should be taken into 
consideration. Inclusion of DMBTl in c-omprehensive epidemiological studies will be of 
great importance to determine the extent of its possibly broad efifects on human health and 
disease. 

Example 6: Generating DMBTl knockout mice 

In order to investigate the DMBTl functions ijz vivo^ we generated mice homozygously 
deficient for Dmbtl (also known as Crp-ductin) by targeting a genomic 1224-bp 
HincWAcil firagment. It comprised parts of the promoter, the 5'-utr, and exon 1, which 
contains the start codon and the codiug sequence for major parts of the signal peptide 
required for secretion (Fig. 6a). Analj^sis of mouse genomic DNA confirmed the predicted 
BgUL fragments of 4.1 kb and 2.9 kb for the wild type and the knockout allele, respectively 
(Fig. 66). Absence of the corresponding transcript and protein fix^m the small intestine of 
Dmbtl mice conSrmed the fimctional inactivation of Dmbtl (Fig. 6c-/). Dmbtl ' and 
Dmbtr^' mice were viable and macroscopical and histological inspection of major organs 
at the age of 8 and 22 weeks did not reveal obvious differences conipared to Dmbtl^^'' 
mice (n = 3 par'group and time point). 



Example 7: Expression pattern of DMBTl 
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Pre\'iotis studies linked DIS4BT1 to possible functions in triggering dififerentiation ia 

kidney^ adult multilayered and fetal epifhelia. Analyses by imniunohistochemistEy, RNA in 

situ hybridization, Northem and Western blotting demonstrated that these tissues showed 

poor or no Dmbtl expression in mice (Fig. 7 and not shown). By humaa adult monolayered 

epithelia and glands DMBTl is secreted to the mucous layer and/or to body fluids. The 

expression pattern of Dmbtl was well conserved ia gastrointestinal tract tissues. with 

monolayered epithelia, such as the stomach, small iutestine, colon, and gallbladder (Fig. 

6c-f, Fig. la-c and not shcwoi). Immunohistochemical analyses demonstrated luminal 

Dmbtl secretion to the mucous layer as observed for human DMBTl (Fig. Id), We thus 

" » 

concluded that Dlv4BTl functions in humans and mice are likelj' to be conserved in the 

gastrointestinal tract. 



Example 8: Susceptibiiity of DMBTl-Knockout and i^Hd tj^e mice to sulfate group 

exposing disease causing agents 

Because we h5'pothesized that DMBTl is part of the protective mucous layer, which is of 
importance for defense against infection-, inflammation- and cancer-inducing pathogenic 
stimuli, we challenged the mice with dextran sulfate sodium (DSS). DSS induces tissue 

4 

damage, acute/chronic colitis, and finally colorectal carcinomas and therefore is also a 
model for damage- and inflammation-induced cancer. Its structural analogue, carrageenan, 
is widely used as thickener, stabilizer, and textuxiz^ ia human food and is suspected to 
cause ulcers, inflammation, and colorectal cancer. We first treated the mice for seven days 
with 5.0% DSS. To confirm and extmd the data, we initially intended a treatment with 
2:5% DSS for 10 days. For reasons depicted below we reduced 2.5% DSS-treatment to 
eight days followed by two days of recovery during the course of the experiment (Fig. 8a). 

Dmbtr^" mice were more severely affected by tissue* ' dainage, inflammation, and 
macroscopic symptoms (weight loss, colon length reduction) with various parameters 
reaching statistical significance (Fig. %b'g). Reduction of differences between body weight 
losses by dose increase to 5.0% DSS (Fig. %d) pointed to a possible stochiometric 
component Significant differences were obtained for the distal but not for the proximal 
colon (Fig. 8g). Setting the time point of analysis during the course of treatment (5.0% 
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DSS) produced higher scores in the proximal than in the distal colon. In contrast, after two 
da3^ of recovery (2.5% DSS) higher scores were obtained for fhc distal than for the 
proximal colon (Fig. S^-), This pointed to spatiotonporal effects, which are in accordance 
with the chronological order of DSS passage through the colon. 

At day S of the treatment with 2.5% DSS, we noted an increased mortality of male mice, 
which continued despite of DSS substitution b}' normal drinldng water (Fig, 8a). Anal3'ses 
of sundval probabilities pointed to an overall enhanced male susceptibility to DSS (Fig. 
9a). Support was lent by correspondingly increased male weight loss and colon length 
reduction (Fig. 9b,c)^ but no correlating significant differences were obser^'ed at the level 
of histopafhological changes (Fig. 9d'-f). Ihis resembled the results o:^ to our knowledge, 
the only two previous studies that discriminated between effects on males and females in 
theDSS-model. 



Subgroup analyses demonstrated that differences between female mice pro^dded the major 
contribution to differences in histopathological changes between Dmbtl'^' and Dmbtl^^^ 
mice. In contrast, the major contribution to differences in weight losses and colon Iraigth 
reductions came from male Dmbtl'^' mice (Fig. lOa-e). In conclusion, only considering 
genotype differences represents an inappropriate simplification. The degree of 
susceptibihty to DSS is male DmbtP' > male Dmbtl^^^ > female Dmbtl'^' > feinale 
Drnbtl ' ' mice. In this order also the staggered onset of histopafhological changes and, 
consequentl}'^, saturation effects would occur, i.e. earliest in male Dmbtl'^' and latest in 
-female Dinhtl' mice, which is compatible with the data (Fig. lOc-e). The major 
contribution of female Dmbtl"^' mice to the histopathological scores is caused by the less 
severe changes in wild type females, which is based on an improved female protection 
against DSS (Fig. 9i?-/andFig. lOa-e). 

« 

Compared to females, male wild type mice showed reduced Dmbtl expression levels in the 
proximal and distal colon (average reduction: 14% and 40%, respectively) in the 
unchallaiged state (Fig. 1 li,6) and the differences w^e still prevalent after challenge with 
2.5% DSS (Fig. llc^d). We conclude that differences in Dmbtl levels could contribute to 
the gender differences in DSS susceptibihty, but that other factors may also play a role. 
Otherwise female and male Dmbtl'^' mice would be expected to show equal relative weight 
losses. Because the gap reproducibly even increased at the level of thig dynamic and 
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therefore more sensitive parameter (Fig. lOa). we further conclude tiiat Dmbtl inactivation 
is more critical for male gender. 

Consistently, DSS challenge led to a dose-dependent upregulation of Dmbtl expression 
levels (Fig. lla,c\ which appeared to reach maximnm values in each group wlien losing 
5.0% DSS (Fig. 1 Id). These data together with the equalization of wei^t losses upon dose 
increase to 5.0% DSS and the luminal localization of the protein raised the possibility that 
Dmbtl/DMBTl might direcdy interact with pathogenic agents such as DSS and thereby 
exerts its protective effects. Mouse and human DMBTl are functionally equivalent in 
regard to their interaction with some bacterial pathogens. Competition and binding studies 
in vitro demonstrated that human DMBTl directly interacted vAih both DSS and Uie 
stmcturally related carrageenan via its recently identified binding site for bacterial 
pathogens (Fig. lle-j). Together with the previous results these data stron^y suggest that 
the number of available DMBTl binding sites in relation to the pathogen dose is crucial for 
protection and that our in vivo data can be projected from pathogenic sulfated 
polj'saccharides to bacterial pathogens. 

Example 9: Proposed implications for DRIBTl's role in defense against disease 

causing agents 

In summary, we report on the generation and analysis of Dmbtl knockout mice and 
demonstrate that Dmbtl mediates protection against tissue damage and acute inflammation 
in vivo. The situation can be projected to humans, because mouse and human DMBTl 
show the same expression patterns and modes of secretion in the gastrointestinal tract 
Furthermore, human DMBTl interacts not only with DSS, as was predictable jorom the 
animal experiments, but also with cairageenarL. Both agents represent paradigms for 
substances leading, to the development of colorectal cancer ^da tissue damage and 
inflammation. As food compound, carrageenan is of specific relevance for human health 
and disease. Functional equivalence of mouse, and human DMBTl in regard to their., 
binding properties is supported by recent studies (Bikker et aL^ submitted). DSS and 
cairageenan interaction involves the DMBTl binding site for bact^al pafhogCTis. In a 
parallel study, we identify DMBTl as a pattern recognition receptor for both sulfete and 
phosphate residues pr^ent in DSS/carrageenan and in bacterial cell wall components, 
respectively (Bikker et aL, submitted). This lends fiirth^ support for our assumption that 



■ 
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fhe present in vivo data can be projected to DMBTl 's role in defense against bacterial 
pathogens. In tiie afore-mentioned stud5% we also demonstrate that DMBTl gennline 
deletions in humans, which reduce the number of pathogen binding sites by 40%, result in 
a correspondingly deareased scavenging acti\dty, e.g. for Helicobacter pylori (Bikker et 
5 a/.- submitted). The 40% reduction of Dmbtl expression levels in the distal colon of male 
mice results in a comparable situation and may contribute to enhanced male DSS 
susceptibility. Moreover, Dnibtl inactivation had a more pronounced effect in male mice. 
Thus, Dl^ffiTl could represent a factor that contributes to the male preponderance among 
- the ulcerative colitis patients suggested by many studies. Ulcerative colitis is associated 

10 wvSlI an inareased risk for colorectal cancer. Therefore, DMBTl could pro^dde a link 
between the emergence of complex diseases (infection, inflammation, cancer), gender 
effects, nutritional (carrageenan) and genetic factors {DMBTl gennline deletions). Taken 
together, we propose DMBTl as a protective factor, whose impaired function is predicted 
to have an impact for susceptibility to tofection, tissue damage, inflammation, and, 

15 consequsntiy, also the downstream development of cancer. Rather than studies of loss of 
heterozygosity and mutations in cancer cells comprehensive analyses of DMBTl 
polymorphism are reqxnred to elucidate its role ia environmental!}^ induced diseases 
including certain cancer types. 

20 

1. MATERLAI^ AND I\lETHODS rreferring to Examples 1 to 5) 
Synthetic peptides. 

Synthetic peptides were obtained from Burogentec, Belgium (puritj' at least 85%). The 
25 peptides were dissolved ia DMSO, diluted 1:10 ia H20bidest ui order to obtain stock 
solutions of 1 mg/ml in 10% DMSO, aUquoted, and stored at -20 °C until use. 

PurtBcation of salivary DMBTl- 

Salivary DMBTl (salivary agglutinin; DlSlBTl^'^^; hereafter referred to as DMBTl) was 
' 30 obtained from parotid saliva of healthy volunteer donors collected \^dth Lashley cups. For 
confirmatory experiments of D1\4BT1 iateraction partners, initial studies mfh Sailmonella 
strains, and HIV studies we used DMBTl purified to about 95% homogeneit}' by the 
procedure described before. The concentration was determined by the BCA Protein Assay 
Kit (Pierce) according to the instructions of the manufacturer. For interindividual 
35 comparisons, we used partially purified DMBTl," because co-precipitating sIgA did not 
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affect pathogen-interactions (Fig. 2h). For partial purification, 50 ml parotid saliva was 
incubated for 0.5 to 1 h. in ice water, in order to promote the formation of a precipitate, 
AJter centrifiigation for 20 min (4 °C; 5,000 g), the pellet was resaispended in 1.0 to 2.5 ml 
PBS. In order to determine the DlvIBTl concentrations within the samples, serial dQiitions 
of the preparations were compared to serial dilutions of purified recombinant DMBTl 
(rDMBTl) by ELISA and the adjusted concentrations wore conficmed by Westem blotting 
(see below). 

Expression and purification of recombinant DlSflBTl- 

Detailed protocols on molecular cloning, the generation of stably transfected cell Lines and 
the purification of human recombinant DMBTl (rDMBTl) will be published elsewhere 
(End et ai, in preparation) or are available from the authors upon request Briefly, the 
largest known DMBTl open reading frame corresponding to the DMBTl/Skh.2 variant 
(EMBL Accession no. AJ243212) was cloned into the pT-REx-DEST30 vector 
(In\dtrogen) under the control of a tetracycline-inducible promoter. The plasmid was 
transfected into the ceU line T-REx-CHO (In\dtrogen), which constitutively expresses the 
Tet-repressor protein, using Fugene 6 (Roche Diagnostics). Stable transfectands were 
seletected by addition of 1 mg/ml G418 and 0.001 mg/ml blasticidin. Subclordng was done 
by low-density plating (20 ceUs per 50 cm") and picking of single colonies after 15 d under 
selection pressure. Clone CHO-DMBTl/8kb.2-T3 displayed highest expression levels 
upon induction with 1 0 fig/ml tetracycline for 48 h and predicted transcacipt and protein size 
in Northern blot and Westem blot analyses using probe DMBTl /Skb-S.S 'and the 
monoclonal antibody aati-DMBTlhl2 under the conditions described before. For the 
production of rDMBTl, cells were grown in DMEM/F12 wiHh 10 p.g/ml tetrac3'cline for 48 
h, the supematants were collected, diluted 1:3 in buffer A (20 mM Tiis-HCl; 10 mM 
EDTA, pH 8.0), and filtered by 0.22 [im bottle top filters prior to loading on an 1 ml 
anionexchanger column (ResourceQ ; Amersham Biosciences). Proteins were eluted with 
a linear gradient (0.00-0.04 M NaCl in 16 ml buffer A; flow rate 1 ml/min). rDMBTl 
containing fractions were pooled and loaded on a Sephacrjd S-300 High R^oludon . 
(Amorsham Biosciences) gel permeation chromatography column (d = 2.6 cm; h = 57 cm). 
Proteins were eluted with a linear flow rate of 15 cm/h PBS. Finally, rDMBTl containing 
fractions were pooled and monitored for purity (abotd: 90-95%) and integrity on silver- 
stained proteiQ gels. The protein concentration was detemiined using the BCA Protein 
Assay Kit (Pierce) according to the instructions of the manu&cturer. 
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Preparation of bacteria. 

Streptococcus mutans (Ingbritt), Stj'eptococcus gordonii (HG 222 and DSlvtZOSoS), 
Escherichia coli (F7 and OM36-1), and Helicobacter pylori (ATCC 43504) were grown 
and processed as decribed earlier. Salmonella tvphimurium (strain SF1399: \^ald type; 
strain SF1195: Rc chemotype; strain SF1567: Rdl chemotype; strain SF1398:'Re 
chanotj'pe) were kindly provided by Dr. Ben Appelmelk from the Free University of 
Amsterdam, The Netherlands, and were grov^Ti and processed as previously described for 
E. colL The bacteria were diluted in the buffers depicted previously to a final OD700 of 0.5 
or 1.0 corresponding to about 0,5 and LO x 10^ ceils/mi. respectively. 

Turbidometric aggregation assays. 

For quantitative measurements of bacterial aggregation, we added 200 jil peptide stock 
solution (1 mg/ml in 10% DMSO) diluted with 300 \i\ TBS containing 0.1% v/v Tween 20 
and 1 mM CaC^ (TBS-TC) to 500 ul of the respective bacterial suspmsions to obtain final 
peptide conceatrations of 200 fig/ml. As controls, we used bacterial' stispensions. to which 
200 fxl 10% (v/v) DMSO in H2O and 300 jil TBS-TC were added. Bact^al aggregation 
was monitored by measuring the optical density at 700 nm in intervals of 1 min for 1 h in a 
spectrophotometer (UVICON 930, Kontron Instruments). For the semi-quantitative high- 
throughput competition assays, we first determined the allowed pH range for DMBTlpbsl- 
mediated aggregation of S. gordonii and E. coli by using TBS-TC adjusted with either HCl 
or NaOH. The pH range from 6.0 to 7.5 did not affect aggregation, while pHs below or 
above deccelerated the process. Accordingly, only substance concentrations that did not 
change the pH beyond the allowed range were scored (Table 1). For sulfated agents, we 
additionally ascertained inhibitory effects iu the absence of 1 mM CaClo. For monitoiiag 
competitive effects, we preincubated 20 pi of the DMBTlpbsl stock solution (20 iig) with 
20 p,l of the respective substance solutions in 48-well microtiter plates at room temperature 
(RT) for 2 min. As reference sensed 20 yl 10% (v/v) DMSO solution in H2O mixed with 
20 ^1 of the solvents of the respective substances. Afterv^'ards, 100 jil of 1?. gordonii or E. 
coli (resuspended in TBS-TC or TBS-T, respectively, for the calcium-free assays) solution 
waff"added simultaneotisly to each well using a multichannel pipette. Bacterial Aggregation 
was compared to the reference b}' ^dsual inspection over a time course of 10 min. The 
scoring system was: (-H-r) no difference in aggregation compared to reference: (-H-) 
moderate inhibition of aggregation over the -entire time course or maxinial aggregation 
delayed by 1-5 min compared to reference; (+) strong inihibition of aggregation over the 
mtire time course or maximal. aggregation delayed by 5-10 min compared to reference; (-) 
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complete inhibition of aggregation aftea: 10 mm. Each experiment was at l^t done in 
trioUcate. 



Binding studies. 

5 For the peptide binding studies we used, unless otherwise indicated, 20 ii^ml peptide in a 
total volume of 100 pi (dilution in coating buffer, 100 mM carbonate buffer, pH 9.6) for 
the coating of high afSnity ELISA plates (Microlon, Fluotrac 600; Greiner). When 
immoblizing rDMBTl, purified, partially purified DMBTl or substances to be tested, we 
appUed serial dilutions iq coating buffer onto the plates. Coating was done at 4 °C for 1 6 h 

10 .and was followed by three washes mth PBS-T with 1 mM CaClo (PBS-TC). For the 
analj^sis of bacterial biadiag to immobUzed peptides or protein, we incubated the wells 
^dth 100 III bacterial solution at 37 °C for 2 h. After removal of unbound bacteria, 100 p.1 
of SYTO-9 solution (Molecular Probes), which is a cell-permeable fluorescent DNA dye, 
was added, plates were iacubated in the dark for 15 min and after three washes with PBS- 

15 TC, fluorescence was measured by determination of the emission at 535 nm mth a 
microtiter plate reader (488 nm excitation; Fluostar Galaxj^ BMG Laboratories). DNA 
biadiag to immobilised DMBTl was analyzed by using the same plasmid (LPS-free 
preparation) as used for the competitive aggregation and transfection assays (see below). 
Boxmd DNA was detected analogous to detection of bacteria except for using SYTO-13 as 

20 dye. In iaverse assays, we coated serial dilutions of die candidate substance onto microtiter 

« 

plates (Microlon, F-Form; Greiner). After incubation at 4 °C for 16 h and three washes 
with TBS-TC, rDMBTl or DMBTl (10 jig/ml in TBS-TC) were added to each well and 
iacubated at 37 "^C for 1 h. The plates were then washed three times with 200 fil TBS-TC, 
incubated at 37 °C for 1 h with the DMBTl -specific mouse monoclonal antibodies 

25 anti(A2) gp-340 (Hyb213-6; Antibody-Shop), and mAbl43 (kindly pro^dded by Dr. D. 
Malamud) diluted 1:10,000 in TBS-TC, washed again five times with TBS-TC, and 
incubated at 37 ""C for 1 h with a rabbit anti-mouse IgG-HRP conjugate (Jackson; dilution 
1:10,000 in TBS-TC). Subsequent to three washes with TBS-TC, 100 pi substrate (125 
^ig/rol 3,3\5,5'-Tetrametiiyl-benzidiae; 125 p.g/ml in 0.1 M citrate bxiffea: pH 4.5 wifb. 

30 0.05% (v/v) H2O2) were added, and after incubation at RT for 10-15 min, the reaction was 
stopped by addition of 50 jxl 2 M HCL. The intensity of the dye reaction was measured by 
absorption at 450 nm in an ELISA reader (EL800; Bio-Tec Instrumeats Inc.). Each ELISA 
plate contaiiaed duplicate rows with Serial dilutions incubated with rDMBTl or DMBTl . 
As control served duphcate rows treated in the same maimer, except for omitting rDMBTl 

35 . and DMBTl . Each experiment was at least done in triplicate. 
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ELISA assay for DMBTl quantification. 

In order to detennine fbe DMBTl concentrations in partially purified samples obtained 
firom different donors, serial dilutions of the saraples and of purified rDMBTl and/or 
5 purified DMBTl in coating buffer were coated onto high affinity microtitK" plates 
(Greiner-F, Polysorp, Nunc) at 37 °C for 2 h. The plates ^^ere washed with TBS-TC as 
described above and subsequently incubated at 37 for 1 h with a 1:500 dilution of the 
mouse monoclonal antibody anti-DMBTlhl2. After washing, the plates were incubated at 
37 ""C for 1 h with a rabbit anti-mouse IgG-HRP conjugate (dilution 1:2,000 in TBS-TC: 

10 DAKO A/S Denmark). Siibsequent to three washes wth TBS-TC, 100 ^il substrate 
(3,3\5.5'-Tetrameth3d-benzidine; 125 p-g/rol in citrate buffer pH 4.5 vidfh 0.05% (v/v) 
H2O2) were added, the reactions were stopped, and the intensities of the dye reaction was 
measured as described above. Comparison to purified rDMBTl/DMBTl references 
delivered the concentrations of D^4BT1 in partially purified parotid saliva samples. 

15 Because anti-DMBTlhl2 recognizes a noh-repetitive and non- variable epitope (amino 
adds 26-40 referred to EMBL Accession no. AJ243212), the approach enabled us to adjust 
wild type DMBTl variants and variants with germline deletions irrespecti^'e of the 
presQice of variable numbers of epitopes to equimolar amounts, which was confirmed by a 
second ELISA and Westem blotting (see below and Fig. 4e) 

20 

Specification of tested substances. 

Sucrose, maltose, dextrose, and the various salts tested were standard reagents obtained 
fi^om Merck or Sigma. The DSS was the same as used in animal experiments, which 
revealed an increased susceptibihty of Dmbtl'^' mice to DSS-induced tissue damage and 

25 inflammation (M- = 36-50 kDa; ICN Biomedicals Aurora; Bergmann at aL, submitted). 
The following substances were obtained from Sigrha with catalogue numbers in brackets: 
heparansulfate (H-7640), chondroitinsulfate B (C-3788), azoxymethane (A-9517), JV- 
nitrosodiethylamine (N-025S). Streptococcus sanguis 1ST A (L-3765)5 Staphylococcus 
aureus LTA (L-2515), Escherichia coli LPS (L-3012), Klebsiella pneumoniae LPS (L- 

•30 1770), Salmonella typhimuriuin LPS (L-6511). Salmonella minnesota LPS (chemotype • 
Rdl; L-9391), L-a-phosphatidylchoUne (P-4279), CUROSURF™ with 80 mg/ml 
phospholipids from pig surfactant (54 mg/ml phospatidjdchohne and 30.5 mg/ml D- 
pahnitoylphosphatidylcholine; overall: 99% polar phospholipids and 1% proteins) was 
obtained from Dey (Napa; Italy), and sIgA was purchased from Sigma. The dNTPs and the 
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dNTP-Mix were from Roche Diagnostics. The DNA used in all experimeiits was the 4.7- 
kb plasmid pEGFP-Nl from Clontech. 

Assaj's for miiibitioii of liposome-mediated DNA-transfer, 

We used the colon cancer cell lines SW403 (human) and Colo26 (mouse) for analj'zing 
inhibition of liposome-mediated DNA-transfer to mammalian cells. Twenty-four h prior to 
transfection, 0.5 x 10^ cells per well were seeded in 500 p.1 RPMI (SW403) or DlvJEM 
(Colo26) cell culture medium containing 10% v/v PCS on 24-well plates. For competitive 
assays, peptide and rDMBTl solutions of various concentrations were filled up wiHi sterile 
HaOfaidest to 40 uL As controls served concentration-matched DMSO (for the p^tides) and 
PBS (for rDMBTl) solutions. For preincubation of DNA, 9 al Opti-MEM (In\'itrogen) and 
1 pJ (0.5 p.g) of the 4.7-kb pEGFP-Nl reporter plasmid (Clontech) were added to the 
peptides, rDMBTl, and the controls. After incubation at 37 ""C for 30 min, 48 ^1 Opti- 
MEM and 2 \il lipofectamine 2000 (Invitrogen) were added. The samples w^e then added 
to the weUs after incubation at RT for 30 min. Wh&a preincubating phospholipids, we 
added 8 pi Opti-MEM and 2 \il Lipofectamine 2000 to the 40 p.1 of the peptide, rDMBTl, 
and control solutions, followed by preincubation at 37 °C for 30 min as described above. 
Afterwards, 49 pi Opti-MEM and 1 fil (0.5 pg) pEGFP-Nl plasmid DNA were added, and 
subsequent to incubation at RT for 30 mi-n^ the mixture was pipetted onto the cells. When 
including centrifiigation steps, the first incubation (37 for 30 mia) was followed by 
centrifugation (13,000 rpm, -r4 °C for 15 mm) and the supematants were processed further 
as described above. The cells were incubated with the samples at 37 '^C for 24 h in a CO2 
incubator. Afterwards, image acquisition was done using an Axiovert 25 microscope 
(Zeiss; Gerrdany). Per well we randomly selected five areas at 200-fold magnification and 
scored the percentage of BGFP-expressing cells. Mean values and standard errors of the 
means (SEMs) were calculated firom at least two independent experiments. 

Western blot analyses. 

Protein samples were separated on a Pharmacia Phast system (Pharmacia-LEIB; Uppsala; 

• • * • 

Sweden) using 4-15% polyacrylamide gradient gels by denaturing SDS-PAGE under non- 
redudng conditions, transferred to nitrocellulose membranes (Schleicher and Schuell), and 
DMBTl was detected by the mAb anti-DMBTlhl2 using the conditions described before. 
By Western blotting, we confirmed protein sizes in and equalization of the samples 
containing partially purified DMBTl (Fig. 4e). 
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Genetic analyses. 

Studies of the genomic configuratioii of DMBTl weare approved by the responsible ethics 
committee at the University Heidelberg, German3''. Blood samples were collected from 200 
healthy volunteers (ethnic backgronnd: Caucasian) and genomic DNA was extracted from 
peripheral blood leukoc5l:es by standard procedures. We used 20 \ig iiyal-digested DNA 
and probe DMBTl I srlsidl for an ioitial Southern blot screen of the DMBTl configuration 
in this panel under the conditions depicted elsewhere. 

2. ISIATERIAL AND METHODS deferring to Examples 6 to 9^ 
Molecular cloning. 

Starting from a 10-kb HindQl mouse genomic fragment subcloned into pBluescript SK(-) 
(Djnbtlcl^ Fig. la\ a 4.1-kb PstUHincU fragment was cloned 5' to a LoxP site utilizing 
the preceding HiiidHl recognition site to give rise to the left homology arm. The 1224-bp 
HincWAcil fragment was ampiified from Dmbtlcl using primers introducing a 5' Spel and 
a 3^ Xbal site. (Dmbtl/KOofl: 5^-GCA CTA GTG OCA AGO TAA AGG AGG CAA 
r; Dmbtl /KOorl: 5^-TGT CTA GAG CTT GAG CGA AGG ACT CC-3^) and 
subsequently inserted 3' to the LoxP site. A 4.0-kb Acil/BamHl fragment (the latter site 
locating within the vector sequence) from Duibtl ol was separately subcloned 3' to a 
NeoTK cassette flanked by two LoxP sites to give rise to the right homology arm. The 
insert was then excised and cloned 3' to the HincWAcil fragment A diphtheria toxin A 
(DTA) cassette under the control of the MCI promoter allov^dng for negative selection of 
non-homologous recombinants was cloned 5' to the left homology' arm to give rise to the 
final targeting construct (Fig, la). 

Generation of Dmbtl iaiockout mice. 

Twenty-five }ig linearized plasmid DNA of the targeting construct was transfected into 1 x 
10* El 4:1 naotise ES-cells b)'' elecfroporiation using standard conditions. Southern blot 
SCTeens of 240 G418-resistant ES-cell clones using probe Dmbtl /KOa. .(340-bp PGR 
product amplified with primers Dijibtl/KOafl : 5'-CCC AGT GTC AGT GAG CTT AG-3 ^ 
and D7nZ>ri/KOarl : 5^-GCT CAA CAA GTG CTA CCA TAC-3^ Fig. la), yielded 3 
clones heterozygous for the new 4.7-kb HindUI fragment representing the targeted allele. 
. Single integration into the authentic site was further confirmed by hybridization with a Neo 
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probe. Transieat transfection of 3 x 10^ cells of ES cell clone 2 with 5 \ig Cre-recombiiiase 
encoding plamiid DNA and Southern blot analysis (probe: Dmbtl/KOb; Fig. la) of 126 
subclones delivered 1 3 clones heterozygous for the 2.9-kb BglR fragment rq^resenting the 
knockout allele (Fig. la). Sixty-nine C57BL/6 blastocj^st injections and embryo-transfer to 
5 pseudopregnant foster mothers yielded 10 highly chimaeric males (> 90% coat 
chimaerism). Three of four males mated vnUx C57BL/6 finales displayed gennline 
transmission of the knockout allele. By iatercrosses of heterozj'gous Fl mice we obtained 
homozygous mutant F2 Dmbtl'^' mice at expected Mendelian frequencies. Mouse tail 
biopsies were used for genotj^ing wiih probe DmbtlfKOh (480-bp PGR product amplified 
10 wiih primers Dmbtl fKOhfi: S - CTT TTG TGG GOT CAA ATT CTG TC-3^ and 
DmbtlfKOhxl: 5^-CTG TTG GTC COT TGA CCT G-3^) by Southem blotting as shown in 
Fig. li. 



Northern blot analj^ses. 

15 For sj^stematic expression analyses iu mouse tissues. Northern blots containing 20 ]ig total 
ILNA (BioCat) were utilized. Probes Z)A£Sri/srlsid2 (5^-end up to SID2), DMBTl/hfl2-2A 
(3^-end), andDMFr//8kb-3.8 (SID 7 to ZP) w^e each used at three differmt hybridization 
temperatures (55 ^C, 60 ^C, 65 ^C) under the conditions described before and delivered 
identical results. For comparative analyses between Dmbtl'^^^ and Dmbtl'^' tissues, total 

20 RNA was prepared with the RNeasy kit (Qiagen) according to the instructions of the 
sxippUer. A total of 4.5 p.g RNA (comprising a pool of 1.5 p,g RNA each from colon tissues 
of three mice) was separated by denatmiig RNA gel electrophoresis according to standard 
procedures. Integrity of the RNA was monitored by mefhyleneblue staining after Northern 
blotdng and by hybridization of a fi-actin, probe. Dinbtl transcripts were detected via the 

25 P^Mabeled probe i?M&ri/8kb-3.8 (hybridization. temperature: 60 ^^C). For the quantitative 
analysis of Dmbtl expression levels, signal intensities on Northern blots hybridized \^dth 
the radioactively labeled Z>MFri/8kb-3.8 and Ji-actin probes were detranined using the 
Storm 860 Phosphorlmager (Molecular Dynamics). The Dmbtrji-actin ratios and 
percentage of expression referred to the respective reference present on the same Norfliem 

30 _ blot were subsequently calculated For a direct comparison of Dmbtl _ expression levels 
analyzed on separate Northern^ blots, we used the signal ratio obtained from the proxinial 
colon of untreated females as reference to which the expression levels in the ofh^ 
untreated pools were adjusted to. We- then multipHcated these values with the respective 
factors of upregulation to obtain the adjusted ratios in Fig. 6d. This allowed for monitoring 

35 in which treatment, tissue and gender the highest expression levels are obtained. 
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Western blot anai^'ses. 

Proteiii samples were prepared from mouse tissues snap-frozen in liquid nitrogen. After 
homogenization using a Micaro-Dismembrator S (B. Braun; German\^) the samples were 
dissolved in RJPA lysis buffer (1 x PBS, 1% v/v Nonidet P-40, 0.5% w/v 
sodiumdeoxycholate, and 0.1% w/v SDS) containing protease inhibitors (Complete; Roche 
Diagnostics; Gennany). Nucleic acids were fragmented by addition of 1 jutl benzonase and 
incubation on ice for 1 h. The protein concentration was determined using the BCA Protein 
Assay Kit (Pierce) according to the instructions of the manufacturer. For Western blot 
studies, 15 jxg of frie protein samples were separated on 4-20% gradient gels (Novex) by 
denaturing SDS-PAGE under non-reducing conditions and transferred to P\^F 
membranes (Immobilon-P; Millipore). Membranes were blocked mth 5% (w/v) skim milk 
powder at 4 "^C overnight. For detection of moiise Dmbtl we used polyclonal rabbit 
antisera (diluted 1:100 in 5% (w/v) skim milk powder) raised against the salivary variant 
(anti-DMBTl^^^)^^ and the respirator>^ tract variant of DlvIBTl (anti-DMBTl^^^^^)^^ 
After incubation at room temperature (RT) for 2 k ttie membranes were washed three 
times in PBS with 0.1% v/v Twe^ 20 (PBS-T) for 10 min, incubated at RT for 1 h with a 
mouse anti-rabbit-IgG-POD conjugate (dilution 1:100; Santa Cruz) followed by another 
three washes with PBS-T for 10 min each. For signal detection, we used a 
chemohim i n escence detection kit (Amersham) as recommended by the supplier. 

• * 

RNA in situ hybridization. 

A 0.4-kb fragment of human DMSTi (SID5 to SID6) was subcloned into the pCRII-TOPO 
vector (Invitrogen). One fig XIiol or -5a77zHI-linearized plasmid DNA was transcribed in 
vitro using SP6 polymerase (antisense strand) or T7 poljmerase (sense strand), 
respectively, in the presence of digoxygenin-labeled UTP. Paraformaldehyde-fixed (4% 
w/v ia PBS) paraffin-embedded tissue sections (3-4 urn) were deparaffinized by xylol and 
a decreasing ethanol series (100-70%), afterwards washed twice for 5 min in DEPC-H^O 
and incubated at 4 "^C for 10 min in 4% w/v paraformaldehyde in PBS. After three washes 
with PBS, the sections were incubated at 37 ""C for 30 min with Proteinase K (10 jig/mJ in 
TE pH 8.0), washed^ once with PBS, - treated with 0.1 M triethanolamine (pH 8.0) 
containing 1/400 volimae acetic acid anhydride at RT for 20 min^ washed twice with PBS, 
and subjected to an iacreasing ethanol series (70-100%). The shdes were preh)^bridized 
with hybridization solution (50% v/v formamide; 0.2 M DTT; 0.33 M NaCl, 10% w/v 
DSS; 1/50 volume Denhardts reagent;" 1 mM EDTA pH 8.0; 20 mM Tris-HQ pH 7.4;- 0.5 
mg/ml tRNA; 0.1 mg/ml saknon speam DNA) at 47 °C for 2 h in a humid chamber. 
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Subsequently, the sections were incubated with hybiidization solution ■with 8 ng/fil of 
denatured digoxigenia-labeled RNA probe at 47 °C for 20 h in a humid chamber, washed 
with 2 X SSC at 47 °C for 30 min, with 50% foimamide containing 0.5 x SSC at 47 ""C for 
1 h, with 50% formamide containing 0.1 x SSC at 47 for 30 min, \^dth 0.2 x SSC at RT 
for 10 min, with buffer 1 (100 mM Tris-HQ pH 7.4; 150 mM NaQ) at RT for 10 min and 
inciibated at RT for 30 min in Blocking Solution (Roche Diagnostics; used as 
recommended by the supplier). Afterwards, the sections were incubated with sheep-anti- 
DIG-AP (Roche Diagnostics) diluted 1:500 in Blocking Solution at RT for 2 h in a humid 
chamber^ washed two times 15 min with buffer 1^ for 2 rr\\n with buffer 3 (pH 9.5: 
containing 100 mM Tris-HCl pH 7.4, 100 mM NaCl, 50 mM MgQ2) and incubated at RT 
for 2-3 h in a dark humid chamber with 1 00 p.1 staining solution per section (buffer 3 with 
0.45 111 NBT and 035 ^1 BCIP). After two washes at RT for 15 min' in buffer 4 (pH 8.0: 
containing 100 mM Txis-HQ pH 7.4, 10 mJsi EDTA pH 8.0) and PBS, respectively, the 
sections were conserved using an aqueous mounting medium (Crystal mount; Biomeda) 

Tmmnnohistochemical analyses. 

Paraformaldehyde-fbced (4% w/V in PBS) paraffin-embedded tissue sections (3-4 pm) 
were prepared and anal3'2ed with polyclonal anti-DMBTl (1:100) using the protocol 
pre^dously described for the monoclonal antibody anti-DMBTlhl2 and a hraiatoxyhne 
counterstainina. 



DSS treatment 

Age-matched Dmbtl ' and wild type DmbtV^ Httermates (9-12 weeks old) obtained from 
heterozygous breedings were kept xmder pathogen-free standardized conditions. The mice 
obtained 2.5% DSS (w/v; Mr = 36-50 kDa; ICN Biomedicals Aurora) in drinking water (n 
. = 16 and n = 13 for Dmbtl males and females, respectively; n = 16 and n = 14 for 
Dmbtr^' males and females, respectively) at day 1 for 8 days and were sacrificed at day 10 
or 5% DSS for 7 days and were immediately sacrificed (Fig. 3a; n = 17 and n = 14 for 
Dmbtl^^^ males and females, respectively; n,— 13 and 7z = 14 for Dmbtl'^' males and 
females, respectively). All animal experiments were approved by the Regierungsprasidinm 
Karlsruhe, Germany. 

Biometiical and histopathological analj'^ses. 

Body wei^ts were monitored daily and colon lengths were measured immediately after 
organ resection from the end of the cecum to the rectum- Afterwards, the cecum was 
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removed and the colon was cut in the middle to separate the proximal and distal part, 
respectively. Two longitudinal 3-4 um sections eveiy 120 \xm of the paraformaldehyde- 
fixed and paraffin-embedded tissues were used for hematoxyline/eosin staining. 
Histopathological inspection of 14-18 sections per proximal and distal colon, respectively, 
of each animal was independent!}' done by two pathologists blinded for genotype and 
gender of the mice. For histopathological scoring of epithelial damage and inflammation 
we applied conventional colitis scoriug schemes (range 0-3; re£ 35). In addition, 
percmtage, of affected epithelial area (damage and ioilammation) and 
granulocyte/lymphocyte infiltration (0: no, 1: low, 2: intermediate, 3: high number of 
infiltrating cells) was semi-quantitadvel}' scored. The combined damage score (CDS) was 
calcixlated by addition of epithelial damage, inflammation, granuloc5^e, and l5'mphoc3/te 
scores with the percentage of affected area di^dded by 33.3, so that the latter value was 
equalized to the other scoring S3^stems. This resulted in a theoretical range firom 0 (no 
damage) to 15 (maximum damage). 



Statistical analyses. 

Statistical analysis of mouse mortality was carried out by comparison of sundval 
probabilities using the two-tailed log-rank test. Body weight losses were analyzed utilizing 
a Linear mixed-effects-model -for time-dependent data^^ using the absolute bod3^ ^'^^ei^t 
values at the daj's of DSS treatment, Le. day 1-8 for 2.5% DSS and day 1-7 for 5.0% DSS. 
Time-dependency was modeled using a second order polynomial. Colon lengths were 
compared by two-tailed Mann-Whitney U-tests. Statistical evaluation of histopathological 
scores was carried out using the two-tailed Mann-Whitney U-test. except for comparisons 
between the distal and proximal colon within the 2.5% DSS and 5.0% DSS experiment, 
respectively. Here, we used pair wise comparison by the two-tailed Wilcoxon signed rank 
test To correct for the family-wise Type I error rate (FWER), P-values were adjusted for 
multiple testing using the Hohn procedure^'^. 'Tamilies" were defined by the four 
comparisons Dmbtl'^' males versus Dmbtl'^^'^ males, Dmbtl'^' females versus Dinbtl^^'" 
females, Dmbtl'^' males versus Dmbtl'^' females, and DmbtF^^ males versus Dmbtr^'" 
fCTiaies. Additionally, the FWER was corrected for the four comparisons of the mean * 
combined damage scores between distal and proximal colon for treatment with 2.5% and 
5.0% DSS and between treatment with 2.5% DSS and 5.0% DSS for distal and proximal 
colon. P-values < 0.05 were considered as statistically significant 
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Synthetic peptides. The sjoithetic peptide D^4BT1 -SRCRP2 (NH2- 
QGRVEVLYRGSWGWC-COOH; purity >85%) comprising the pathogen-binding site of 
DMBTl was obtained from Enrogentec (Belgium) and resuspended to a final 
concentration of 1 mg/ml in H20bidest containing 10% v/v DMSO. 

Recombinant expression and purijacation of human DMBTl. 

Detailed protocols on molecular cloning, the generation of stably transfected ceU lines and 
the purification of human recombinant DIv4BTl (rDMBTl) will be pubhshed elsewhere 
(End et aL^ in preparation) or are available firom the authors upon request Briefly, the 
largest known DMBTl open reading frame corresponding to the DMBTI/Skb.2 variant 
(EMBL Accession no^ AJ243212) was cloned into the pT-REx-DEST30 vector 
(Invitrogen) under the control of a tetracycline-inducible promoter. The plasmid was 
transfected into the ceU hne T-REx-CSO (Invitrogen), which constitutively expresses the 
Tet-repressor protein, using Fugene 6 (Roche Diagnostics). Stable transfectands were 
selected by addition of 1 mg/ml G418 and 0.001 mg/ml blasticidiiL Subcloning was done 
by low-density plating (20 cells per 50 cm") and picking of single colonies after 15 d under 
selection pressure. Clone CHO-DMBTl/8kb.2-T3 displayed highest expression levels 
upon induction with 1 0 ^tg/ml tetracycline for 48 h and predicted transcript and protein size 
in Northern blot and Westem blot analyses using probe DMBTl /Skh-3.S and the 
monoclonal antibody anti-DMBTlhl2 under the conditions described before^^. For the 
production of rDMBTl, cells were grow in DMEM/F12 containing 10 jig/ml tetracycline 
for 48 h, the supematants were collected, diluted 1 :3 in buffer A (20 mM Tris-HCl; 1 0 mM 
EDTA^ pH 8.0), and filtered by 0.22 jim bottle top filters prior to loading on an 1 ml 
anionexchanger column (ResourceQ , Amersham Biosciences). Proteins were elided with 
a hnear gradient (0.00-0.04 M NaCl in 16 ml buffer A; flow rate 1 ml/mrn). rDMBTl 
containing fractions were pooled and loaded on a Sephacryl S-300 BQigh Resolution 
(Amersham Biosciences) gel pemieation chromatography column (d = 2.6 cm; h = 57 cm). 
Proteins were eluted with a linear flow rate of 15 cm/h PBS. Finally, purified rDMBTl 
containing fractions \?^^ere pooled and monitored for purity (about 90-95%) and integrity on 
silver-stained protein gels. The protdn concentration was determined using the BCA 
Protein Assay Kit (Fierce) according to the instructions of the manufacturer. 

Preparation of bacteria. 
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Streptococcus gordonii (straia: DSM20568) was cultured under anaerobic conditions as 
described before^^, barvested by centrifagation at 3,000 g, washed tvi'ice with PBS 
containing 1 0 mM EDTA and once with PBS and finally resuspended in PBS to a final 
OD700 of 2.0 corresponding to about 2.0 x 10^ cells/ml. respectively. 

Torbidometric coxapetLtion assa3^s. 

Competition assays were carried out in a final volume of 500 fil at RT. Streptococcus 
goj'donii (250 in PBS) was mixed with 100 fil synthetic peptide DMBTi-SRCRP2 
diluted 1:1 in PBS (final concentration Iq the assai^: 100 Lig/rol) or 100 pJ purified 

10 rDMBTl in PBS (final concentration in the assay. 15 Lig/ml) and 150 uil of the respective 
competitor stock solutions, so that the final concentrations ranged fi-om 0.32% to 2.50% 
(w/v) DSS and 0.28% to 0.84% (w/v) degraded carrageenan. Samples with 0.0% 
competitor served as controls. The samples were placed ia a spectrophotometer (Anthehe; 
SECOMAN, France) and the ODyoo-value was measured in intervals of 3 minutes. Each 

15 experiment was at least done in triphcate. For the DSS competition studies, we used the 
same DSS as in the animal experiments (Kir = 36-50 kDa; ICN Biomedicals Aurora). High 
molecular weight lambda carrsigeenan was obtained fi-om Sigma (Taufkirchen; Germany). 
Prior to use, 5% (w/v) carrageenan was dissolved in 0.1 M HQ and incubated at 60 for 
3 h to achieve acid hydrolysis, which 5delds degradation products of about 20-40 kDa^^. 

20 Afterwards, the pH was adjusted to 7.0 by addition of 0.1 M NaOH and the solution was 
passed through a sterile filter. 

Binding assays. 

DSS was serially diluted in coating buffer (100 mlv4 carbonate buffer, pH 9.6) to obtain 
25 final concentrations of 2.5% to 0.02% (w/v). One hundred jxl of the samples were applied 
onto ELISA plates (Microlon, F-Form; Greiner, Germany) and coating was done at 4 
for 16 h. Acid hydrolyzed and pH-adjusted lambda carrageenan was seriall)' diluted mth 
the solvent (approximately 50 mM HQ and 50 roM NaOH) to obtain concentrations 
ranging firom 2.8% to 0.0055% (w/v) and coating of ELISA plates was done at 37 °C for "2 
30 h. After coating and three washes with TBS containing 0.1% (v/v) Tween 20 (TBS-T), 
rDMBTl (10 ug/ml in TBS-T) was added to eaich well and incubated at 37 °C for 1 h. The 
wells were then washed five times with 200 jxl TBS-T, incubated at 37 "^C for 1 h with the 
DMBTl -specific mouse monoclonal antibody anti(A2) gp-340 (Hyb213-06; Antibody- 
Shop; dilution 1:10,000 in TBS-T), washed again five times v^dth TBS-T, and incubated at 
35 37 for 1 h with' a rabbit anti-mouse IgG-HRP conjugate (Jackson; dilution 1:10,000 in 
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TBS-T). Subsequeat to five washes witii TBS-T, 150 jil substrate (125 fig/ml 3,3\5,5'- 
Tetrametiiyl-benzidiBe; in 0.1 M dtrate buffer pH 4.5 witii 0.05% (v/v) H2O2) w^e added, 
and aftCT incubation at RT for 10-15 min the reaction was stopped by addition of 50 pJ 2 M 
HQ. The intensity of the dye reaction was measured at 450 nm in aa ELISA reader 
(EL800; Bio-Tec Instruments Inc.). Each ELISA plate contained duphcate rows mth serial 
dilutions incubated with rDMBTl. As control served duphcate rows with serial dilutions of 
DSS and lambda carrageenan treated in the same manner, except for oxoitting rDMBTl. 
Each exp^dment was at least done in tripUcate. 



